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To the House of Repreaentativea : 

In reply to a resolation of the House of Bepresentatives of the 2l8t 
instant, requesting the Oommissioner of Agriculture to furnish ^^ all in- 
formation he may have in his possession bearing upon the culture of the 
sugar beet," &c., the accompanying letter and report received from the 
Commissioner of Agriculture for this purpose are herewith transmitted. 

E. B. HAYES. 

Executive Mansion, Jcmuary 26, 1880. 



Depabtment of Agbioulttjre, 
WashingUm^ D. 0., Jcmuary 22, 1880. 

Sm: I have the honor to transmit herewith a report upon the culture 
of the sugar beet and the manufacture of beet-root sugar in France pre- 
pared by Dr. Wm. McMurtrie, agent and representative of this depart- 
ment at the late Paris Exposition of 1878, called for by resolution of the 
House of Bepresentatives January 21, 1880. 

It has been a leading feature of the policy of my administration of 
this department to determine all the sources of cane sugar available for 
ntilization in this country, and it wa« believed that thosugar beet, which 
has constituted so imx)ortant a part of the basis of the national wealth 
in France and Germany, might be of value for the production of this 
necessary staple in the United States. 

The presence of our agent and representative in France during the 
course of the year 1878 was considered a favorable opportunity to secure 
Ml information concerning the methods of culture and manutlEbcture 
followed with so much of success in that country, and he was therefore 
directed to make a thorough study of the subject and report upon it to 
this department. Availing himself of the assistance afforded by his 
official connections and his personal acquaintances among those engaged 
iu the prosecution of the industry, he was able to collect the facts and 
figures which form the matter of the accompanying report, and which, 
bemg the latest information available and describing all the later im- 
provements introduced into the culture and manufacture, cannot fail to 
be of interest and value to all to whom the report may come^ and espe- 
cially to those who may be particularly interested in the immediate in- 
troduction of the industry in the United States. 
Very respectfully, 

WM. G. LE DUO, 
• OommisBioner of Agrimlture. 

To the Pbesident. 
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LETTER OF TRANSMITTAL. 



Washington, D. 0., November 1, 1879. 

Sib: In compliance with your instmctions, embodied with others in 
the letter accompanying my commission as agent and representative 
of the Department of Agricoltare at the late Paris Exposition of 1878, 
dkecting me to make a study of and report upon the cultnre of the 
sugar beet and the extraction of sugar therefrom, I have the honor to 
submit the following report : 

I have prefaced this report with a discussion of the history of the 
indnstry, embracing Margraff 's discovery of the presence of cane sugar 
in the root, Achard's enterprising efforts at its culture and the extrac- 
tion of sugar from it in an industrial way, and the substantial encourage- 
ment afforded by Kapoleon I, which gave to the industry such an impetus 
that, in spite of the reverses and unfavorable conditions to which it was 
subject, it ultimately became an established fact; for thoughthis ground 
has been gone over by former writers upon the subject in the publica- 
tions of the Department of Agriculture, it has not been completely 
covered, doubtless from the fact that they did not have access to the 
official publications and State papers beajing upon the subject which 
in this connection it has been my duty and pleasure to consult. 

But, while I attach importance to the value of this branch of the sub- 
ject, my object shall be in this work more particularly to describe the 
present condition of the industry in France, the improvements that have 
been effected in the methods of culture and modes of extracting the 
sugar, and the influences which may modify or destroy the possibilities 
of successful work. It is only from the experience gained in older 
conntries, after long years of varied success and adversity that we 
must estimate the probabilities of the successful and profitable manipu- 
lation of this valuable crop in the United States. 

The points herein considered may be summed up as follows: 

1. History. 

2. Statistics. 

3. Meteorology: Conditions in the beet-growing. districts of Europe, 
and comparison of these conditions with those of different sections of 
the United States ; limits of conditions which govern the extension of 
the culture. 

4. Varieties of beets grown in France ; selection of seed and methods 
employed. 
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6 CULTURE OF THE SUGAK BEET. 

5. Gultnre: Soil required; physical qualities and chemical composi- 
tion. Fertilizers: What, when, and how to apply; influence upon the 
composition and value of the crop. Preparation of the soiL Planting : 
Time, methods, and apparatus employed; distance between plants, and 
its influence upon the quantity and quality of the crop. Care to be 
given crop during growth. Harvesting and storing. 

6. Social conditions affecting the culture: Belations between growers 
and laborers, and between growers and manufacturers. 

7. E:^traction of sugar: Later improvements in the methods employed. 

8. Duties imposed and taxes collected. 

9. Importance of the crop in France, and its influence upon other 
cultures and economies. Conclusion. 

It is to be regretted that the time and means at my disposal, and the 
press of other duties imposed upon me in my relations with the late 
Universal Exposition, did not admit of a more extended and careful 
study of this important industry while in France; and any defects that 
may be noted herein must be referred to these causes. Most of the in- 
formation I was able to obtain was secured at odd times when my duties 
at the Exposition would admit of it, and from such publications a« I 
could collect. 

There are some points in connection with this subject which are 
worthy of more thorough examination than has been possible in this 
work, and among these may be mentioned the meteorological or climatic 
conditions which may govern the extension of the culture into new 
sections— conditions, the important influence of which will be clearly 
manifest in the abstracts of records herein presented — and concerning 
the deficiency of our recorded knowledge of which, for this country we 
may not refrain from expressing regret. Study in this direction could 
not, I firmly believe, fail to be rewarded by results of a character most 
valuable to our people who may contemplate an attempt at the culture 
of the crop in the United States. 

Eespectfully submitted. 

WM. MoMUETEIE. 

Hon. Wm. G. Le Duo, 

Oommissioner of Agriculture. 



THE SUGAR BEET IN FRANCE AND THE UNITi^' 

STATES. 



EfiBATA. 

On page 31, in table of statistics, under head of " Mannfactnie of indigenous sugar, ^ 
place first line of figures opposite **Aiane " instead of "Ain." 
• On page 135, in table under ** Number of acies sown in beets "— 

Instead of 748.98, read 7,489.8. 

Instead of 1, 214. 57, read 12, 145. 7. 

Instead of 1, 457. 49, read 14, 574. 9. 

Instead of 1, 659. 91, read 16, 599. 1. 

Instead of 1, 497. 97, read 14, 979. 7. 

Instead of 1, 457. 49, read 14, 574. 9. 

Instead of 1, 659. 91, read 16, 599. 1. 

In Appendix A, plate xviii, instead of " Manull" read "Manuel." 

In Table B, page 264, under " Yield per acre, " opposite numbers 21, 22, 23, 24, and 
25 of the fiirst column, respectively — 

Instead of 18, read 15. 

Instead of 10, read 18. 

Instead of 13, read 10. 

Instead of 18, read 13. 

Instead of 15, read 18. 

On page 266, under "Value of crop, at (5 per ton," top of column, instead of " «80," 
read "$150." 



lizable sagar. His method of reseaTch consistea m cntraiig lut? mt»wLi»L 
to be examined into thin slices, rapidly drying it, reducing to fine 
powder, and exhausting with diluted alcohol. The results of his re- 
searches were announced in a memoir read before the Berlin Academy 
of Sciences, in the year above mentioned. Of all the plants examined, 
he found the beet to be the richest in sugar, and believing that Europe 
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8 CULTURE OP THE SUGAB BEET. 

would find in this root the basis of an immense industry, he urged the 
importance of his discovery upon the Academy, hoping to see yaluable 
and practical results follow it. But he was not destined to see his hopes 
fulfilled. His methods of work, which were at best imperfect, were of a 
nature to succeed only in the laboratory, and the prices of colonial su- 
gars were so low as to render competition by the products from a new 
and untried source out of the question. 

This important discovery, therefore, remained dormant for nearly half 
a century, when one of Margraff 's pupils, Karl Franz Achard, son of a 
French refugee in Prussia after the revocation of the celebrated edict 
of i^antes, and director of the Academy of Sciences of Berlin, again took 
up the line of research started by his preceptor, and finaUy succeeded 
in extracting sugar from the root on a comparatively large scale. The 
process he employed was peculiarly his own, and gave results which 
were at the time of an astonishing character. He announced his results 
in 1797, publishing his mode of operation, and in the latter part of 
1799 presented a sample of his product, with a description of his method, 
to the Institute of France, stating that the cost of production of mus- 
covado of good quality should not exceed six cents per pound. Achard's 
statements were as much the subject of doubt and even of severe ridicule 
by the people of his time as are tiie statements made by the Department 
of Agriculture in relation to sugar produced at the present time from 
sorghum and maize, and were even accepted with reserve by the mem- 
bers of the Institute of France, notwithstanding the high repute he en- 
joyed among his scientific confreres. The interest of the French Insti- 
tute was so aroused, however, that a commission was appointed by that 
body to make an examination of the work of Achard and to repeat his 
experiments. The commission consisted of Gels, Ghaptal, Darcet, Four- 
croy, Guyton, Parmentier, Tessier, Vauquelin, and Deyeux. In their 
report they stated that Bermond had made unsuccessful experiments in 
the introduction of the culture of the sugar-cane in France, and thei same 
was the result with the sugar maple, for though the latter might pos- 
sibly be grown it could never compete with the sugar-cane. Other 
plants had been experimented with; the turnip, carrot, parsnip, chest- 
nut, stalks of maize, and many other plants were submitted to experi- 
ment, but notwithstanding the assertions of certain enthusiasts it was 
proven that none of these plants could supplant the cane, and that in 
spite of the sugar they were presumed to contain the experiments were 
unsuccessfiiL Such was the state of things when Achard made the 
announcement of his experiments and results. 

The commission then proceed to state that they had repeated the ex- 
periments of Margraflf to determine the value of their roots, finding them 
to contain a little over six per cent, of sugar. They applied the method 
of Achard for extraction on a larger scale, repeated several times, and 
succeeded in obtaining only a muscovado of very brown color and dis- 
agreeable to the taste. This muscovado, however, was readily purified 



CULTURE OP THE SUGAR BEET. 9 

by means of alcohol, and in this way a sugar candy was obtained dif- 
fering in no particular from that givefti by cane sugar. 

The conclusions arrived at were to the effect that if with Achard's 
process sugar may be extracted from the beet, the quantity was much 
less than that given by the alcohol process indicated by Margraff. 

They then modified the experiments by working on the juice of un- 
cooked beets and obtained 25 per cent, more of muscovado^ and as a 
final result of all their experiments they adopt as the cost of refined 
sugar about 18 cents per pound, but think this figure may be reduced 
by improved methods. 

The report concludes as follows : 

It results from what precedes : 

1. That it is certain that the beet which grows in France, and which may be recog- 
nized by its white flesh, traversed by red bands or rays, contains sngar as well as the 
same species grown at Berlin that Achard worked upon. 

2. That the sngar may be extracted by various processes, and acquire by aid of 
repeated purifications all the qualities of cane sugar. 

3. That the quantity of sugar which this root contains is so great that attention 
ahoold be given to its extraction. 

4. If, as we are assured by Achard, we may, as it were, render this root richer in 
sugar at will by caring for its culture, it is desirable that experiments be made upon 
this subject. 

5. That independently of these experiments it would be of value to determine if, 
among the several varieties, some do not exist more rich in sugar than those pointed 
out by Achard. 

6. That, admitting the results of these experiments, it remains to be demonstrated 
that the beet may up to a certain point supplant the sugar-cane. 

7. That it is true to say that the cost of sugar cannot be determined with rigorous 
exactness without knowing the results of operations made on a large scale. However, 
at the present time it may be presumed that this price would not be higher than that 
of cane sugar in ordinary times. 

8. Finally, if Margraff should justly be cited as being the author of the discovery 
of sugar in the beet, it must also be admitted that Achard is the first to have made 
fortunate application of this discovery, not only in announcing the favorable quantity 
that may be extracted, but also in pointing out the processes to which we could resort 
for success. 

Achard's appreciation of the action and conclusions of this commis- 
sion may be gleaned from the following letter addressed to Citizen von 
Mons, and dated Berlin, November 16, 1800 {Ann. de Ghem. 39, 223) : 

I thank you sincerely for sending me the interesting report of the Institute. I have 
noted with infinite pleasure that the researches made by the celebrated French chem- 
ists confirm my discovery. The differences found in the products as to the quantities and 
qualities result either from the culture of the beet or the variety chosen for the tests. 
Notwithstanding the objections of the commission, I am still of the opinion that the 
best method consists in boiling the roots before expressing the juice, the clarification 
then taking place within the cells themselves by the coagulation of the albumen, so 
that we obtain the juice entirely clarified, or better clarified than it is possible to at- 
tain from raw beets by the addition of blood or other coagulable substances. 

But the report of the French commission had the effect to dampen 
any enthusiasm that may have been aronsed in France by the publica- 
tion of Achard's announcement, and for the few years that immediately 
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followed it no interest seems to have been manifested there on the sub- 
ject. 

It was, however, otherwise in Germany. Achard's letter proves that 
his zeal was in no way abated, and other workers were eagerly following 
the new Ime of investigation and exi>eriment now made so attractive 
by Achard ; and Lampadins, professor of chemistry and metallorgy at 
the School of Mines at Freyburg, took it up, repeated the experiments 
of his eminent predecessor in the work, improved apon his methods, 
from the average results of which he estimated the cost of refined sugar 
would not exceed 18 cents per English pound, about the same limit es- 
tablished by the commission of the Institute. Hermbstaedt also, mod- 
ifying the method of Achard, succeeded in extracting from 125 pounds 
of roots of Beta vulgaris 5^ x>o^^<ls ^^ brown sugar and IJ pounds of 
sirup, which drained off. The Baron de Koppy, having interest and 
confidence in the methods and results of Achard, erected in 1805 upon 
his estate at Krayn, near the town of Strehlen, in Lower Silesia, works 
capable of the annual extraction of the sugar contained in about 525 
tons of roots, besides the manufacture of the rum and vinegar resulting 
from the utilization of the wastes of manufacture, viz, the pulp and 
molasses. These works of Koppy were constructed after the designs 
furnished by Achard, and carried on according to the methods he had 
determined. Achard also erected a factory on his own estate at Cunem, 
near Steinau, on the Oder. The results obtained by these two enter- 
prising pioneers in the beet-sugar industry were followed by the estab- 
lishment of other works at Athaldsleben and near Augsburg, and the 
interest which had thus been aroused in Germany bid fair to be again 
communicated to the French. This was hastened by a letter of Achard 
to the editor of the Moniteur, and published in that journal of October 
2, 1808. This so thoroughly explains his position, the character of his 
work, and the progress he had made since the report upon his former 
results, that we deem it of value to reproduce it here : 

Sir : The manufaotore of sugar in Enrope being, in all its relations, and principally 
nnder existing circomstances, a very important object, I believe that yon will not refnse 
to give publicity, in the Moniteur, to an expos^ of the resnlts of my researches upon 
the manufacture of sugar from the beet root, and the advantages which this new kind 
of European industry assures to all nations for which sugar is an exotic staple. 

It was decided by the report given by the celebrated chemists, Cels, Chaptal, Four- 
croy, Guyton, Parmentier, Tessier, Vauquelin, and Deyeux, under date of January 
25, 1800, to the class of mathematical and physical sciences of the National Institute 
of France, upon the examination they made of my researches tending to the profit- 
able extraction of sugar firom beets — 

A. That the beet contains sugar. 

B. That the sugar may be extracted by different processes, and acquire by suffi- 
cient purification all the properties of cane sugar. 

C. That even by following my first methods, which were still very imperfect at the 
time the celebrated French chemists were occupied with their verification, it was to 
be presumed that the price of beet-root sugar would not be higher than that of the 
cane in ordinary times. 

D. That all doubts of the existence of sugar in the beet root and the possibility of 
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extracting it being dissipated, it only remainB to be desired that the experiments 
made on a larger scale may give to my work upon this object the degree of authen- 
ticity it merits. 

Encouraged by the suffrage of so illustrious savants, I have labored during eight 
years to perfect the manufacture of sugar from beets by experimental researches made 
on a large scale, in a factory I have established on an estate called Cunem, which I 
own near Steinau, in Lower Silesia. My labors have led to the determination of a 
much more profitable method for extracting the sugar from beet roots, so that by my 
new processes 25,000 kilograms (55,000 pounds) of these roots furnished 2^309 French 
pounds (2,098 English pounds) of unolayed muscovado, richer in pure crystalline 
sugar, in the relation of 662 to 591 than the brown muscovado of Jamaica, or 1,923 
French pounds (1,748 English pounds) of a clayed muscovado richer in pure sugar iu 
the relation of 666 to 664 than the white muscovado of Martinique, while by follow- 
ing my first imperfect methods the commission appointed by the Institute of France 
to repeat my experiments extracted and was able to extract from 25,000 kilograms 
(52,000 pounds) of roots, the product of 1 arpent of land (about 1 acre), only 782 pounds 
of muscovado (711 English pounds), containing 448 French pounds (407 English 
pounds) of pure sugar ; that is, about one-third the quantity that may be extracted 
by aid of my new processes. The cost of production of muscovado from beet root ac- 
cording to my new processes, provided the extraction is carried on in a well-established 
factory, and the manufacturer secures his roots at the moderate price by growing them 
himself, as those in the colonies almost exclusively cultivate the cane, is compensated 
for as much by the leaves of the beets, which serve as food for cattle, as by the rum, 
other spirits, and vinegar extracted from the wastes of manufacturing the muscovado ; 
that is, the pulp of the root exhausted of the Juice which the press can remove, and 
the molasses. 

The same being the case with the cane, it follows that sugar may be extracted with 
the same pecuniary advantage from the beet in Europe as from the cane in the islands. 
An arpent yielding, according to the basis determined by the French commission 
charged with repeating my first experiments, 25,000 kilograms of beets, from which is 
extracted by my perfected methods 2,309 and 1,923 pounds of muscovado, according to 
the quality given it, it follows that to produce 10,000,000 pounds of muscovado, it is 
necessary to set apart during the summer months only between 4,330 and 5,200 arpents 
of land to the culture of the beet. An area of this extent is too small to cause its use 
in the production of indigenous sugar to be followed by the restriction of other im- 
portant cultures, and this is all the more true since it is necessary to set apart for the 
culture of the beet, as it is practiced in this province, only fields which have been 
used two years for the culture of spring and winter wheats and remain a third year 
in fallow without furnishing other products than the pasturage of cattle that are al-* 
lowed to range upon it, and which is more than compensated for by the leaves of beets, 
The facts I have established in the preceding article are based — 

A. Upon the report which the commission appointed to repeat my first essays in the 
extraction of sugar from the beet made in 1800 to the class of mathematioal ap4 
physical sciences of the Institute of Sciences of France. 

B. Upon the later official examinations of my manufacture of sugar at Cunem by 
my newly-perfected methods and the results they have given, made by a commission 
appointed by the Prussian Government, 

C. Upon the results furnished by a beet-root sugar factory established in this prov- 
ince according to my instructions by M. le Baron de Eoppy on his place called Erayn, 
near the town of Strehlen. This establishment is adapted to the annual extraction of 
the sugar contained in 10,000 Silesian quintals or 577,500 * kilograms of beets, besides 
the manufacture of the rum and vinegar which is obtained from the wastes of prepar- 
ing muscovado, viz, the pulp of pressed beets and molasses. 

The constant success with which the manufacture of muscovado established at 

* 537 tons of 2,200 pounds. 
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Erayn has worked daring three years, and the profit it assnres its possessor, confirm 
the results present-ed by the official examinations which have been made of the manu- 
facture of mascovado according to my perfected methods, so that it is perfectly provezL : 

1. That the mnscovado famished by the beet root is of a quality equal to that of 
the cane. 

2. That the quantity of muscovado famished by beet roots is found so thoroughly 
proportional to the cost of its extraction and the profits obtained from the waste prod- 
ucts of manufacture in employing them for that of rum or other spirits of the better 
quality, and a very good vinegar, that these advantages under favorable local circum- 
stances wholly, and under all circumstances, in a great part, comj^ensate for the cost 
of production of mascovado from beets, as is also the case with regard to the mus- 
covado from the cane — the cost of extraction of which is more or less compensated for 
by the mm extracted from the waste prodnct-s they leave. 

3. That the manufacture of sugar from beet roots may become the object of an im- 
portant industry for Europe. 

a. By the very considerable sums it will save from exportation. 

h. By the means it will famish a large number of persons of the indigent classes to 
procure subsistence in the manual labor it requires. 

c. By the independence in which, with regard to this staple, it places Europe and 
other parts of the world which are really the principal depoait<nries. 

(Signed) ACHARD. 

CuNBBN, near Steinau, Lower Shjesia, 1808. 

The following article, from the Monitenr of March 2, 1811, will also 
be of interest in this connection, as corroborating the statements of 
Achard : 

His excellency, the minister of the inferior, in making his report to His Majesty 
upon the sugar of beet roots, had hoped to be able to assare him that, according to 
the testimony of M. Deyeux, this sugar would present the double advantage of en- 
riching those who entered into the manufacture and cost a price low enough for con- 
sumers. 

But if -M. Deyeux was unable to give this assurance on account of the fact that the 
main end of his work was in the interest of French speculators, to effect an improve- 
ment upon the processes of the German chemists, we may find it in the success already 
obtained in the establishment of the Baron de Eoppy, success thoroughly recognized 
in Germany, and of which we have an eye-witness in M. Boudet, chief pharmacist to 
the army. 

It will be remembered that M. Achard, chemist in Berlin, who first conceived the 
idea of making the extraction of sugar from beet roots an object of speculation and 
manufacture, announced in the Monitenr of 1802 the advantages of this sugar, which 
he procured by a process more perfect than that which four years before had not been 
unreservedly accepted by the Institute of France. 

This number of the Monitenr, having reached Breslau, capital of Silesia, and con- 
sequently in the neighborhood of the two factories said to exist in the province of 
Prussia, M. Boudet, being there at the time, considered it of value to verify the facts 
advanced by Achard, in order in case of need to be able to destroy or increase the im- 
pression which the article in the Monitenr may have produced in France. He accord- 
ingly betook himself to the house of Baron de Eoppy, at Erain,* near the town of 
Strelzlen. * and visited the mann£aiCtory. He caused to be sent to M. Parmentier a 
memoir, an extract of which was inserted in the Bulletin de Pharmacie of the month 
of Febraary, 1809. 

We shall not dwell upon the interesting details into which M. Boudet entered to 
elucidate for his countrymen the means of establishing similar manufactories in 

*In other places these are written Erayn and Strehlen. 
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Europe. It is snfflcieat for our purpose here to make known the profit obtained by- 
Baron de Eoppy from his own works at the time of the Tisit of M. Boudet. 

He affirms, 1st, that Baron de Eoppy is very well satisfied with the quantity of 
sugar, rum, spirits, and vinegar furnished by his beets, and with the ready and lucra- 
tive sale he had for these different staples ; 2d, that the culture of beet roots, far from 
diminishing that of wheat, contributed to procure for him more abundant crops than 
be obtained before, first, because in employing for beets only the lands formerly left 
to fallow, his wheat occupied the same area as before he thought of making sugar; 
andy second, because beets furnish, besides their sugar, a large mass of food tor cattle 
and sheep. He was able, without enlarging his domain, to double the number of his 
cattle, to obtain more manure, and with the aid of this manure to obtain larger quan- 
tities of wheat ; 3d. He admitted that he owed to the existing war a largo portion of 
the profits given him by a sugar the people were obliged to use in default of that from 
canes, bat he asserted that should he in times of peace obtain from his factory only 
the cost of cultivation of the beets and the manipulation of the sugar, he would guard 
himself from abandoning it so as not to renounce the prosperity it had given him and 
which it could always preserve on his domain. 

The sugar sold by Baron de Koppy was not refined. M. Boudet wished to know for 
himself if it was susceptible of being. The trial he made having succeeded, he thought 
this sugar would become that of the richer classes, at least until we have the sugar 
from grapes M. Proust had led us to hope for, the sirup of grapes having already re- 
placed for the poor that of the cane. 

The establishment of beet-sugar factories may therefore be undertaken with confi- 
dence throughout the empire ; but we must observe, according to the memoir of M. 
Boudet, it is especially to the large proprietors that it will be profitable, and that they 
should content themselves with making raw sugar to be sent like that of the islands 
to the refineries, one of which is able to purify and convert into leaves the products 
of twenty factories. 

As Baron de Koppy admits in his statements to M. Bondet, the events 
which were brought about by the political conditions of the time did 
much to favor the success of the enterprise, for shortly after his works 
were started — ^in feet, in the years immediately following — Napoleon I 
issued his famous decrees of Berlin and Milan, establishing the famous 
continental blockade, and excluding from the markets and consump- 
tion all material whatsoever of English production or manufacture, and 
particularly the products of England's colonies. This, of course, made 
sugars scarce and dear, and enhanced the profits of the manufacture 
that Achard and Koppy had so opportunely developed. 

The same conditions stimulated the search for products indigenous to 
France that might be substituted for those colonial staples which had 
become articles of daily consumption, and the deprivation of which 
was most keenly felt, and sugar seemed to have claimed instant at- 
tention. But the source developed by Achard seems to have almost 
completely vanished from the thoughts of both scientists and practical 
manufacturers. The destruction of external commerce, of course, re- 
sulted in the downfall of the wine trade, and all eyes and all minds 
naturally turn to the utilization of the enormous crops of grapes France 
annually produced, and everybody seemed to look to the sugar this fruit 
contained, both as a substitute for the wanting colonial staple, and as 
the rescue from the ruin which appeared imminent to the proprietors of 
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the vineyards, especially in the soath. Parmentier was, among the sci- 
entists and members of the Institate, the leader of this movement and 
the promoter of this apparent germ of a new industry and internal 
scarce of national wealth, and he published a work entitled, TraitS sur 
Part de frdbriquer Us straps et conserves de raisinJ' The methods 
he indicated in this work were mainly followed in the* exi>eriment8 of 
1808 and 1809, but were considerably improved nx)on by Proust and 
Pouques. They served, however, in the various southern departments 
of the empire, for the production of considerable quantities of sirup 
from the vintages of 1808 and 1809, samples of which were presented 
to the minister of the interior, who at once csJled the attention of 
the Emperor to the results represented in the samples in the fol- 
lowing rej)ort, which will serve to show not only the condition of 
the enterprise at the close of 1809 and the beginning of 1810, but also 
what had been done previous to that time and the appreciation with 
which he regarded it; and the decree of Kapoleon issued in consequence 
of this report will show the interest he had in this possible source of a 
substitute»for the colonial staple. The report appeared in the Moniteur 
of June 23, 1810. The minister, Montalivet, says : 

Sire : I have reported to yonr Mtgesty the successes obtained by M. Parmentier, who 
has given very nseful attention to perfecting grape simp and making it suitable to 
replace cane sugar in many medical and domestic preparations. Yonr Miyesty, who 
ordered it to be used in the palace, seemed satisfied with it. I desire to-day to fix 
your attention upon more important results. M. Proust, an able chemist, has extracted 
from grape sirup a concrete sugar. M. Fouques has found a means of bleaching it and 
giving it not only the brilliancy but also the consistency and color of cane sugar. I 
have called together a commisBion, composed of Messrs. BerthoUet and Chaptal, Sena- 
tors, and members of the Institute, Parmentier, Vanquelin, and Proust. The sugar of 
M. Fouques was submitted to them for examination. The commission decided that this 
substance was worthy of the highest degree of attention, and after having made some 
tests upon the substance itself, without any preparation, thought it especially essen- 
tial to determine what would be its effects in different mixtures and different propor- 
tions. The commission then adjourned, and came together again at the ministry on 
the 12th of this month. 

The commission found that conserves containing the triple and quadruple of grape 
sugar were too sweet. Those containing the double were less sweet than those con- 
taining a single proportion of cane sugar. That the grape sugar equivalent of cane 
was a little over 2^ to 1. 

MONTALIVET. 

In consequence of this report of the minister of the interior, his Ma- 
jesty issued, under date of June 18, 1810, the following decree: 

AsncLE 1. There is accorded the sum of 100,000 francs ($20,000) to M. Proust,* and 
one of 40,000 francs ($8,000) to Sieur Fouques, in the form of gratuity and by way of 
encouragement for the discovery they have made of grape sugar. 

Abt. 2. They shall be obliged to use these two sums to establish grape-sugar fac- 
tories in that portion of our southern departments designated by our minister of the 
interior. 

* By decree of June 21, 1810, Napoleon appointed M. Proust, chemist, member of the 
Legion of Honor. 
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Art. 3. They shall be obliged to give up the secret of their processes, which shall be 
rendered pablic, and be sent to all the prefects of our grape-growing departments. 

Art. 4. From January 1, 1811, at the latest, the sugar of grapes shall replace in all 
public establishments the sugar of canes. 

Art. 5. Our minister of the interior shall recommend to the prefects to propagate 
and encourage the establisment of factories for either grape simp or concrete grape 
sugar, so that in the coming year the inestimable advantages of this precious discovery 
shall make itself felt for the good of all our people and the interests of our commerce. 

The same commissiou to whom was sabmitted for examinatiou the 
samples of sirap and sugar produced by Messrs. Proust aud Fouques 
were directed by the minister of the interior to prepare detailed instruc- 
tions upon the methods to be followed for the successful and profitable 
extraction of sirup and concrete sugar from grapes, and the result of 
the work they at once entered upon, a copy of which may be found in 
the Moniteur of August 25, 1810, was printed and distributed through- 
out the grape-growing departments of France, in company with the fol- 
'lowing circular letter to the prefects of those departments, under date 
of August 18, 1810 : 

Monsieur le pr£f£t : His Majesty the Emperor desires to give an impulse to the 
manufacture of sugar and sirup from grapes, and he has ordered that there be pre- 
pared to this effect simple instructions indicating the best processes to follow. He 
wishes that the instructions prepared by the most celebrated savants, and generally 
distributed, may lead proprietors to make simp and sugar for their own uses, and 
place manufacturers in the way of making it in the suzest and most economical man- 
ner, and completely supplying the markets with products from the next vintage. 

I send you several copies of these instructions. Be so good as to distribute them 
to your officers who wiU majie the best use of them, and cause them to be printed in 
the journal of your department. 

Yon must not content yourself with causing the description of the process of mskUr 
u&cture of sugar and sirup from grapes to be distributed to even the smallest com^ 
munes; you shall stimulate the zeal of your officers; you shaU promise aDd accord 
prizes to those who shall have made the most of sugar and sirup of the best quality. 
I will supply, upon your requisition, the funds you may dispose of. 

I also invite you to immediately confer with directors of hospitals and other chari- 
table establishments of your department, that they in turn may confer with farmers, 
proprietors, and pharmacists who may desire to make sirups and sugars, and arrange 
with tbese persons such markets as wiU assure the sale of the products of this year. 
Ton shall preside over these arrangements, and take care that, without injuring the 
interests of the poor, there may be all-sufficient encouragement for manufacturers. 

You shaU address to me a table of the quantities of sugars and ordinary sirups an- 
nuaUy consumed in each hospital, and of the presumed consumption of the coming 
year in sirups and sugars of grapes, with indications of the markets which have been 
recorded. 

The subprefects and mayors will, I hope, second you in all your efforts. You shall 
make known to me those fanctionaries and special persons who shall be most dis- 
tinguished in this sphere of usefulness which is open to them. I shall report their 
efforts and their success, as weU as your own, to the Emperor. 

Let manufacturing establishments multiply everywhere. Let it be considered, M. le 
Pr^f^t, that this is a sort of war we are making against the enemies of the Continent, 
and which his Majesty considers, more than any other sctvereign, worthy of recompense 
to those who make themselves prominent in the ranks. 

Count MONTALIVET, 
Minister of the Interior, 
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Immediately after tMs the Emperor issued the following decree, dated 
August 22, 1810: 

Considering that the ecouomioal mannfacture of sugar Irom grapes essentially in- 
fluences the prosperity of agriculture and commerce, and desiring to give to this im- 
portant branch of the industry a particular mark of our special protection, we have 
decreed and do decree as follows : 

Abtici^ 1. On June 1, 1811, the sum of 200,000 francs ($40,000) shall be distributed 
among twelve establishments which shaU have made the largest quantity of sugar from 
grapes. 

Art. 3. The distribution shall be made among the twelve establishments propor- 
tionally to the quantity of sugar that each one shall have made. 

Art. 8. To secure the right of competition it shaU be necessary to have made at 
least 10,000 kilograms (22,000 pounds) of sugar. 

Art. 4. The quantities of sugar made shall be verified by a commissioner appointed 
for that purpose by the prefect of the department and certified to by the mayor of the 
place. 

Art. 5. The prefect shall addresstheseevidencestoourminister of the interior be- 
fore May 1, 1811. He shaU also send at the same time a sample of the sugar made. ^ 

Art. 6. Our minister of the interior shall make to us a report to this effect. He 
shaU make known to us at the same time the manufacturers who have perfected the 
processes of mannfEMsture and shall propose to us the recompenses and encouragements 
they shall have merited. 

But while these encouragements were being given to the enterprise of 
producing sirup and sugar from grapes in the south to replace the colo- 
nial staple in the home consumption of France, the results of Achard's 
later work, as described in his letter to the editor of the Moniteur in 1808, 
had awakened anew the interest in the beet root as a source of sugar in 
the north, and M. Deyeux, reporter of the first committee of tlie Insti- 
tute, which conducted the experiments of 1800, in compliance with a re- 
quest made through the Institute by the minister of the interior, again 
undertook to repeat in 1809 and 1810 the experiments of the former com- 
mittee, and the later work of Achard, with such modifications as he 
deemed advisable and practicable. In this work he was associated with 
Mr. Barruel, chief of the chemical department of the School of Medicine 
of Paris, and their labors were rewarded by the production of a certain 
quantity of muscovado, which they refined and thus secured " two loaves 
of sugar, perfectly crystallized, of great whiteness, brilliant and sono- 
rous,' in a word enjoying all the properties of the finest cane sugar,'' one 
of which was presented by the minister of the interior to the Emperor, 
who is said to have '*• received it with that benevolence which he accords 
to every useful object.'' But these experiments, while they showed the 
practicability of extracting sugar from the beet root by the means pro- 
posed, were still not of a character to show the net cost of producing 
the sugar, because the experimenters viewed the work only in a chemi- 
cal sense. Messrs. Barruel and Isnard then undertook to determine this 
part of the question, and repeated these experiments just mentioned, 
keeping strict accounts of the cost of each stage of the processes applied 
and the quantities of the products obtained. It was found that by their 
processes they were able to extract 1.5 per cent, of muscovado, which 
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eost SO cents per pound. The refined sngar prodaced from this lo^er 
grade cost 40 cents per pound. It appears, however, that the beets 
treated, which were grown upon the highly manured lands of the plain 
of Vertus where their works were located, were very unfavorable to the 
results of the experiments. It also appears that these figures represent 
the actual cost to the experimenters in the extraction of the sugar, tak- 
ing no account of the by products and assigning the maximum price 
for the beets worked j but the further estimates of cost made up by 
Messrs. Barruel and Isnard, based upon their own experiments and work- 
ing by their own processes, supposing the value of the beets to be the 
actual cost of producing them and the amount of roots handled to be 
the yield of about 400 acares of land, about 6,000 tons, show that the cost 
of production should not exceed 8 cents per pound for good muscavado, 
or 12.9 cents per pound of refined sugar. 

The actual condition of the sugar enterprise in France at the close 
of 1810 may be gleaned from the following report to the Emperor by 
Montalivet, under date of January 10, 1811. 

The prodactioD of sirnp and sngar from grapes ordered by yonr Miyesty is pnrsoAd 
with activity ; and even thongh the season has not been rery favorable to the vine, I 
am in daily receipt of proofs of the zeal with whiob a large number of proprietors an 
animated in the differwit departments, bat those of the south and the center are the only 
ones who may engage in this n^annfaotnre, and on this account I would respectfully 
sabmit to your Majesty the results which lead us to hope that even the departments 
of the north may find upon their territory a sugar of very good quaUty. We know 
that for some years back beet-root sugar has been manufactured at Berlin and Brea^ 
lau. Miissrs. Achard and Koppy addressed to my predecessor vety beautiful speci- 
mens of this sngar, but up to the present but slight results have been obtained. IL 
Deyeuz, first pharmacist to your M^festy and member of the Institute has just re- 
midertaken this work and has obtained very remarkable success in the results whi<di 
he has addressed to me, and which I submit to your Mi^esty. He has also addressed 
to me an interesting memoir in which he has reported to the Institute the processes he 
employed to arrive at his results. He believes these processes to be more simple and 
better than those adopted by Messrs. Achard & Koppy. But M. Peyeux, obliged to 
devote himself to triaU and experiments to find a good method, is unable as yet to 
establish the price at which this sugar can be produced. Everything shows, however, 
that this price will be sufficiently low to prove a large source of profit to extended 
manufacture. Already, in the department of the Doubs, a rich proprietor, Mons. 
8ecci, has established a manufacture of this kind and has sown 80 acres in beets, which 
have yielded him 500,000 kilograms (.500 tons) of roots, from which 25 to 30 milliers 
(27,500 to 33,000 pounds) of refined sugar may be expected. The prefect of Mopt Ton- 
n^re has also informed me that Mons. Molar, a proprietor in his department has sown 80 
hectares (197.6 acres) of ground in beets which he proposed to convert into sugar, and 
for which operation he asks to be admitted to the prizes which your Magesty has 
deigned to promise to manufacturers of sirup and sugar from grapes. In the De- 
partment of Roer, the manufacture of sugar from beet-roots is carried on by the broth- 
ers Herbem at Urduiger. The prefect of the Rhine and Moselle has transmitted to 
me samples of a very fine cassonade from beet roots, manufactured by Mons. Antho- 
nin, wllo asks for encouragement to enable him to enter upon this manufacture on a 
large scale. Finally, for Holland, the prince governor-general has sent me a sample 
of beet-root sugar mad!^ by M. Linden at Hemmer, in whose labors he appears to have 
confidence ; and the prefect of the Bouches-du-Khone has shown me samples of beet- 
root, sugar made by M. Yanrroggen, one of his officers. 

2SB 
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I shaJly at a later date, report to yonr Majesty the resultB wbicli these different at- 
tempts promise. At this time, I confine myself to presenting the sugar made by M. 
Deyeux. It in no way differs fh>m the refined sugar of the colonies. This test shows 
what may be expected from this work as regards the quality of the material. I shall 
now study carefully the means of determining to what extent this manufacture may 
become economical and the measures to be taken to render it general in the Depart- 
ments of the north. 

MONTALIVET, 
Minister of the Interior. 

It is to be remarked farther that prizes were also offered by the Sociiti 
WEncourdgement pour VIndustrie NaMonale for the prodnction of sugar 
from grapes or beets, the annual prize being 2,400 francs ($480) for the 
best essay and sample, 1,000 francs ($200) for second best, and, on Feb- 
ruary 20, 1811, it received, through its founder and then president, Count 
Ghaptal, a memoir upon the methods for the extraction of sugar from 
beets, by M. Drappiez, a pharmacist at Lille, together with a loaf of 
the sugar, of which he had been able to obtain 50 quintals by the method 
he described. The committee on chemical arts of the society compared 
the sample of sugar submitted by M. Drappiez with a sample of refined 
cane sugar they were then able to obtain at a cost of 95 cents per En- 
glish pound, and failed to detect the ^^ alightegt differenced^ between them. 
M. Drappiez obtained by his method a yield of 1.3 per cent., the cost of 
which he estimated at 80 cents per pound. 

Shortly after this there appeared in the Moniteur of March 23, 1811, 
.a statement to the effect — 

That there had been presented to his Mi^esty several quintals of refined crystallized 
beet-root sugar, having all the qualities of that of the cane ; loaves of both kinds 
have been mixed together^ and it was impossible to distinguish between them. It 
-follows from the report of a commission charged with the examination of the differ- 
•ent means proposed to replace by indigenous processes the foreign productions so 
costly to France, that 70,000 acres cultivated in beet roots would fninish the 30,000,000 
'Of pounds necessary to our consumption. 

And two days later ISTapoleon issued the first decree, in which he pro- 
vided for direct encouragement of the beet-sugar industry, and which 
twas as follows : 

Paulgb of the Tuillbribs, March 25, 1811. 
Napoleon, Emperor of the French, 4^, : 

Upon a report of a commission appointed to examine the means proposed to natural- 
.ise, upon the continent of our empire, sugar, indigo, cotton, and divers other pro- 
•ductions of the two Indies: 

Upon presentation made to us of a considerable quantity of beet-root sugar, refined, 
•crystallized, and possessing all the qualities and properties of cane sugar : 

Upon the presentation made to us at the council of commerce of a great quantity 
vof indigo, extracted from the plant woad, which our departments of the south pro- 
duce in abundance, and which indigo has aU the properties of the indigo of the two 
Jndies : 

Having reason to expect that by means of these two precious discoveries our empire 
iwill shortly be relieved from an exportation oif 100,000,000 francs (|20,d00,000^ hith- 
•erto necessary for supplying the consumption of sugar and indigo: 

We have decreed and do decree as foUows : 
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ARTicauB 1. Plantations of beet loot proper for the manafactme of- sugar shall be 
£oimed in onr empire to the extent of 92,000 hectares (79,040 acres). 

Art. 2. Our minister of the interior shall distribute 32,000 hectares among the de- 
partments of onr empire, taking into consideration those departments where the cnl- 
tnre of tobacco may be established, and those which from the natnre of the soil may 
be more favorable to the onltnre of the beet root. 

Art. 3. Our prefects shall take measures that the number of hectares allotted to 
their respective departments shall be in full cultivation this year, or next year at the 
latest. 

Art. 4. A certain number of hectares shall be laid out in our empire in plantations 
of woad proper to the manufacture of indigo in the proportion necessary for our man- 
ufacture. 

Art. 5. Our minister of the interior shall distribute the said number among the de- 
partments of our empire, taking into particular consideration the departments be- 
yond the Alps and those of the south, where this branch of industry formerly made 
great progress. 

Art. 6. Our prefects shall take measures that the number of hectares allotted to 
their departments shall be in fhll cultivation next year at the latest. 

Art. 7. The commission shall, before the 4th of Kay, fix upon the moot conTenient 
places for the establishment o^ six experimental schools for giving instmotion in the 
manufacture of beet-root sugar conformably to the processes of chemists. 

Art. 8. The commission shall also, before the same date, fix upon the places most 
convenient for the establishment of four experimental schools for giving instruction 
npon the extraction of indigo from the lees of woad, according to the processes ap- 
proved by the commission. 

Art. 9. Our minister of the interior shall make known to the prefects in what places 
these schools shall be formed, and to which pupils destined to this manufacture should 
be sent. Proprietors and farmers who may wish to attend a course of lectures in the 
said experimental schools shall be admitted thereto. 

Art. 10. Messrs. Barruel and Isnard, who have brought to perfection the processes 
for extracting sugar from the beet root, shall be specially charged with the direction of 
two of the six experimental schools. 

Art. 11. Our minister of the interior shall, in consequence, cause to be paid the sum 
necessary for the formation of the said establishments, which sum shall be charged to 
the fund of 1,000,000 francs ($200,000) in the budget of 1611 at the disposal of the 
said minister for the encouragement of beet root-sugar And woad indigo. 

Art. 12. From the 1st of January, 1813, and upon a report to be made to onr minia- 
ter of the interior, the sugar and indigo of the two Indies shall be prohibited, and con- 
sidered as merchandise of EngUsh manufacture or proceeding from English conmierce. 

Art. 13. Our minister of the interior is charged with the execution of the present 
decree. 

Early in the followiDg April, ISll, Decostils, reporter of the ciomi- 
mittee on chemical arts of the SooiitS d^MMOwragement pour V Industrie 
NaManale^ reported upon a memoir and resnlts presented by'M* De- 
losne. He was the first to saggest the nse of quicklime in the puri- 
fication of the juice. His method was based upon three principal 
points: (1) the use of caustic lime; (2) the use of alum; and (3) the 
use- of alcohol. The lime he adds to the fresh juice, of which he 
succeeded in expressing 63 i>er cent, the weight of the root. The 
proportion added was 0.24 gram per liter of juice. After the addi- 
tion of lime in a thick milk t^e juice was rapidly brought to boiling 
and the scums removed as they formed. The juice was then separated 
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from tiie fledimenty wMeh settled and concentrated. It was then pan- 
fied with alam and blood, and farther treated in the nsual way. The 
proportion of sugar extracted by this method is stated to have been 4^ 
per CjBnt.^ and was the highest result that had yet been attained. The 
beets from which this high yield was obtained were of the white Swedish 
variety, while the beets of the plain of Aubervillier did not yield as much 
by 2i per cent. 

After the announcement of this method of Derosne, it appears that 
little was published on the subject of the new industry that was now 
beginning to assume important dimensions until the beginning of the 
fbUowing year, when Montalivet reported to his Majesty that 6,785 
hectares (16,758 acres) had been sown in beets in different departments of 
the empire, producing 98,813 tons of roots. 

The nnmber of factories established was 39 or 40^ and the minister 
estimated that if the whole product were worked up the result would 
be 1,500,06^ kilograms (3,300,000 pounds) of sugar; but the plantations 
were in many cases too far removed fh)m the factories to make it possi- 
ble to transport the roots with profit. He also gave a table showing the 
number of hectares sown in beets in each department, the quantity of 
roots harvested, and the reasons which prevented more extendve plant- 
ing in each. The latter seemed to be, principally, lack of snfOldent 
seed and lateness of the season. 

About the same time a report was made to the Emperor by Count 
Ohaptal showing the cost, by the methods then known and in use, of 
the culture oi the beet and the manufacture of sugar. The first he es- 
timates at 176 francs per metrical arpent (about $35 dollars per acre), 
the yield of which varies from 12,000 to 45,000 to 60,000 pounds. The 
second cost he estimated at 15 cents per pound, supposing all the mo- 
lasses to be sold ; but if no molasses be sold then he estimates that 
the cost would reach 30 cents per pound. For the cost of refined sugar 
he makes two estimates : the first supposing 15 cents per pound as the 
value of the raw sugar, and in the second he values it at 30 cents. Ac- 
cording to the first supposition the cost would be 32 cents per pound, 
and 45^ cents according the second supposition. 

In concluding his. report, Ghaptal says an intimate knowledge of 
chemistry is necessary for successful work; and he recommends, as a 
means for assuring the prompt prosperity of this enterprise, that there 
be established at one of the factories already established a normal school, 
and that iSiere be brought together there 30 or 40 youn^ meh already 
veorsed in chemical knowledge, and 40 others taken from among the 
ohildren of refiners of Orleans,* Antwerp, Ohent, Marshes, If^antes, 
Amsterdam, &c., and from among the chieft of refineries in the larger 
towns ; and the establishment at which, it seemed to him, such instmo- 
tipn a» he referred to could be given was thal^ of M. Barroel ja the 
j^ain sof YertnSi 

On ihe 12th of January, 1812, M. Barruel pubHdied a note upon flie 
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manufiBtiCtare of beet-root sugar, and deseribes the method he had finally 
devised for eztractmg the sugar, and in this description we find the 
first mention of the use of carbonic acid for separating the excess of 
lime remaining after purification of the juice. He proceeds as follows : 
The juice is heated to 65^ B. ; milk of lime is then added (295 grams 
quicklime per 100 kilograms of juice, or 295 parts in 100,000); the whole 
stirred thoroughly and heated to 80^ B. The coloring matter, &c., 
forms in soluble compounds and makes a fiocculent precipitate. A solid 
scam forms on the top. The latter is skimmed off and the liquid de- 
canted. The clear juice is then freed from lime, and for fiiis purpose an 
acid which forms an insoluble coAipound with the lime is the best, sul- 
phuric or carbonic acids preferred. Alum may be used according to 
Derosne's method, but this only acts by the sulphuric acid it contains, 
and while for equal weights sulphuric acid costs more than alum, it will 
neutralize more of lime. 

M. Barruel considers, however, that carbonic acid Is the most econom- 
ical of all, and for his purpose he prepares it by passing air through 
burning coals. 

In the conclusion of his note he si^s: ^^This process, which is very 
simple and not costly, always succeeds. I guarantee its exactness and 
success.'^ 

Maumen^ states that about this time Kapoleon visited a factory at 
Passy, where Benjamin Delessert had succeeded in producing white 
sugar frx)m beets, and after having given him the cross of the Legion of 
Honor (the same which ornamented his own breast) as a recompense for 
this splendid initiative, the Emperor caused to be inserted in the Moni- 
teur of the following day the grand evolution that had been consummated 
in French commerce. But of this circumstance we are unable to find 
any record in the Maniteur or the Journal de V Empire of that period. 

On January 15, 1812, Kapoleon issued the following decree, in all 
probability a result of the report made by Count Ohaptal : 

Suction L^School for manufactubb of Bsxt-Eoot Sugab. 

Abticus 1. The factory of Messrs. Barmel and Chapi>elet, plain of YertuSy and thoed 
established at Waohenheim, department of Mont^Tonndre, at Donai, Strasbourg, and 
at Castelnandary, are established as special schools for the mannfactnre of beet-root 
Bogar. 

Art. 2. One hundred students shaU be attached to these schools, viz : 40 at that of 
Messrs. Barmel and Chappelet, and 15 at each of those at Waehenheim, Douai, Stras- 
bourg, and Castelnandary ; total, 100. 

Art. 3. These students shaU be selected fsoai among students in mf dicinei phar- 
Bscy, and chemistry. 

Section II. — Culture of Bests. 

' AriC 4. dur minist^ 6f the interior shaU take measures to cause to be sown tfarough- 
ont our empire 100,000 metrical arpents of beets. The conditions of the dicrtflbiition of 
the culture ^aU be printed and sent to the prefects previous to February 1&. 
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Sbction IIL— Manuvactubx. 

Art. 5. There shall be accorded thioughont our entiie empire 600 licensee for the 
manufacture of beet-root sngar. 

Art. 6. These licenses shall be accorded of preference-* 

To all proprietors of factories or refineries ; 

To all who haye mannfactnred sqgar daring 1811 ; 

To all who have made preparations and expenditures for the establishment of fac- 
tories for work in 1812. 

Art. 7. Of these licenses there shall be accorded of right, one to each department. 

Art. 8. Prefects shall write to all proprietors of refineries, in order that they may 
make their sabmissions for the establishment of the said factories at the close of 181^ 
In default on the part of proprietors of refineries to have made their submissions prior 
to March 15, or at the latest April 15, they shall be considered as having renounced 
the preference accorded them. 

Art. 9. Licenses shall include an obligation on the part of those who shall obtain 
them to establish a factory capable of producing at least 10,000 kilograms (22,000 
pounds) of raw sugar in 1812-'13. 

Art. 10. Each individual who, having received a license, shall have actually manu- 
fiEMtured nearly 10,000 kilograms of raw sugar resulting from the crop of 1812 to 1813 
shall have the privilege and assurance, by way of encouragement, of being subject to 
no tax, or octroi^ upon the product of his manufacture for the space of four years. 

Art. 11. Each individual who shall perfect the manufacture of sugar in such a 
manner as to obtain a larger quantity from the beet ; or who shall invent a more 
simple and^ economical method of manufacture, shall obtain a license for a longer 
time, with the assurance that no duty nor octroi shall be placed upon the product of 
his manufacture during the continuance of his license. 

SECnoK lY.— Creatiok of four Tm?krtal Factoriks. 

Art. 12. Four imperial beet-sugar factories shall be established in 1812 under the 
core of our minister of the interior. 

Art. 13. These factories shall be so arranged as to produce with the crop of 1812 to 
1813, 2,000,000 Idlograms of raw sngar. 

We find ODe of the practical resultn of this generons decree in the 
announcement made by Gharpentier frirea of Yalenciennes, Departe- 
ment da Ford {Journal de VEmpire of December 2, 1812), that they had 
for sale 12,000 kilograms (26,400 pounds) of beet-root sugar manufact- 
ured from the crop of that year, and during the first two months of 
work. The large quantity of beets they still had in store assured them, 
H was stated, for the end of April, 1813, a product of 60,000 kilograms 
(132,000 pounds), which they offered to sell as it should be made. 

But these results are more fully described by the minister of the inte^ 
nor, in his report upon the situation of the empire in the beginning of 
1813, in which under the head of new industries he says : 

To replace in our consumption the sngar, indigo, and cochineal of the colonies; to 
find in the south of Europe and at home the cottons and soda to supply our mannfao- 
tures seemed impossible. It was ardently wished for^ and ihe impossibility disap- 
peared befoM our (efforts. 

During this year the manufacture of sugar which is e^jtracted &om tl^e beet root 
will give us 7,700,000 pounds of this staple. It is prepared in 334 factories, 'all of 
which are in actual adJivity: " i J ■/ i ill 

After numerous trials, processes are finally employed by which beet-root sugar will 
not cost more than 15 cents per pound to the manufacturer. Mr. Bonmatin, in- 
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ventor of this new methodi profited by the usefdl labors of his predecessors, and the 
govemmeiLt, in order to hasten the fortunate results of his discovery, charged him to 
proceed to propagate it in those sections in which the principal manufactories are 
established. 

Since the establishment of the high price of sugar, consumption has greatly de- 
creased, and the seven millions of pounds manufactured at tjbis time may be consid- 
ered equal to at least one-half our actual needs. This diminution is not the result 
of any absolute privation that may have occurred, but from the equivalents by which 
sugar has come to be replaced. 

Several millions of pounds of sirup from grapes, and honey, the latter better puri- 
fied and more abundant, have been substituted for sugar in a great portion of the do- 
mestic uses with so much of ease that the most delicate taste could scarcely perceive 
the change. 

When the difiiculty,of procuring sugar and its cost shall be less; when the first 
profits, at present so great, if they be considered only as interest upon capital, shall 
have covered the cost of establishing, the quantity that will be consumed will again 
iacrease, the equilibrium will be renewed, and supposing that one-fifth the consump- 
tion to remain definitely replaced by sirup of grapes and honey, France will consume 
40,000,000 pounds of beet-root sugar, the value of which will be 30,000,000 francs, and 
we may count upon these results for 1814. Our refineries now yielji a product of 
10,000,000 pounds, which will increase to at least 20,000,000 pounds. 

In the six years beginning with 1802, we received from abroad an annual average of 
52,000,000 pounds of sugar. During the four years beginning with 1809, the average 
aonual importation has been but 10,000,000 to 11,000,000 pounds. It is especially 
since that time that nothing has been neglected to naturalize this staple at home, and 
the conquest is finally assured. 

But while all this interest and busy enterprise was being manifested 
in France, great progress was also being made i|i Germany. And the 
generous and worthy action of Napoleon in extending substantial en- 
couragement to the development of the growing industry which pro- 
duced such happy results had even been anticipated by the German 
government, which came to the aid of Achard, who had for nearly fifteen 
years devoted all his time and limited means to the development and 
establishment of the industry, in the ultimate success of which, in spite 
of all the reverses to which he had been subject, he had never lost faith. 
His influence and example had led to the establishment of the works of 
Baron de Koppy at Krayn, and his watchful care over it had assured its 
financial success. And this besides those already mentioned was fol- 
lowed by the establishment of works in other sections, notably by Baron 
von Lorentz, Counselor Mengen, and more especially the Messrs. Mayer 
of Breslau, who, we are told by Isnard, director of the special school of 
chemistry for beet-sugar manufacture at Strasbourg, had for ten years 
sown about 750 acres in beets. In view of the progress attained and 
the interest manifested, the governmental authorities accorded to 
Achard, during the course of 1810 and 1812, the encouragement and 
aid indicated in the following notice sent by Achard to the Moniteur, 
and published in that journal, June 23, 1812, showing also the progress 
this pioiieer in ttteinflustry had made. He says : 

The public has, duxiug the past year, beeu iuformed, a^ mvfh by.the decrees of the 
regency of SileaiA as by the several writings I have published, that his Migesty, the^ 
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Xing of Prussia, has ordered me to establiali on my two estatea of U^^vper and Lower 
Canem, near Wohlen, in Lower Silesia, a practical school for instmction as complete 
as possible, to make known to oar people as well as to foreigners the processes em- 
ployed in the extraction of sugar from beet roots. 

He further states that lie had three distinct methods for extraction, 
using neither lime, carbonate of lime, milk, solphnric acid, nor alum, 
except for beets of poor quality, or toward spring -when vegetation has 
commenced. By the new method he succeeded in getting concrete 
sugar in twenty-four hours. The three methods of separating the sugar 
from sirups of beet juices are: 1, by regular crystallization; 2, by 
granulation ; 3, by immediate conversion into bastard sugar. By the 
first method 1 quintal of juice gives 5 Silesian pounds of sugar. By the 
second 6 pounds are obtained, and by the third method, which is prefer- 
able to all others, the sugar may be extracted in twenty four hours, 
yielding 5 pounds of raw sugar. 

This notice of Achard is followed by one from the Eoyal Eegency 
of Silesia, upon the establishments of Achard, stating that — 

His Majesty the King of Prussia, in giving to M. Achard a considerable sum of 
money, prescribed that he shonld establish and maintain upon his estate, and at his 
own cost, a factory far instruction in the manufacture of sugar from beets. 

In the mouth of December of last year (1811), Achard haying announced to the 
Boyal Regency that he had established two factories — one factory on a small scale 
and such as could be united with farm management, the other to manuf|p,ctnre sugar 
en a large scale ; that the boilding for lodging students was finished and ready to re- 
ceive them ; that the course of instruction would commence in January ; and that he 
would be flattered to see an official examination of his work — we consequently ap- 
pointed for this purpose two intelligent persons, who found that the buildings in- 
tended for the manufacture were actually completed, and provided with the apparatus 
and machinery necessary. It also appears firom this report that since January 12 
(1812), the manufacture has been in full activity, and that besides the students there 
were employed in the factory a foreman, nine male, and four female laborers. During 
the course of instruction 20 quintals are worked upon daily. Five pounds of raw sugar 
per quintal [110 pounds] are extracted, and, according to exact calculations made at 
the factory, it follows that 100 quintals of beets give a net profit of something more 
than 111 thalers current money. 

This model factory and school of Achard attracted students ftom nearly 
all the nations of the continent, and it is probable that it was the stu- 
dents he had from Bussia who carried back to their country the germs 
of this industry, which has now become so powerful there, and which in 
that country received its establishing impulse through the aid and en- 
couragement extended by the imperial authority; for it is related that 
Gteneral Blankenagel, who founded a factory in the government of Toula, 
at the village of Akabef, had received from the Czar of Bussia a gift of 
60,000 roubles ($38,895), and that a ukase or edict of the Emperor gave 
the assurance that all lands of those establishing sugar factories should 
be free from tax. 

Such, then, was the progress 'attained in this^new and val,^able in- 
dustry, and its condition in the beginning of 1814, during which memor- 
able year what «had bid &ii to be a great source of national wealth and 
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prosperity to all tiie oontineotal nations receiyed almost its death-blow. 
The beginning of the war with Rnssia interfered with its progress in 
that country. The destructive passage of foreign and contending armies 
destroyed completely not only this^ but other and more flourishing in- 
dustries in Germauy, and the final conflict on French territory and the 
downftbll of Napoleon, who has been described as the second father of 
the industry, resulted in its almost complete extinction in Fraiice, and 
the withdrawal on the part of the immediate successor of the great Em- 
peror of the encouragemeut he had accorded was nearly as disastrous 
as had been the malicious depredations which were perpetrated by the 
enemy's troops, and it required the patient labor of more than another 
decade to accomplish what Kapoleon had been able to establish in about 
one-third that time. 

But it must not be supposed that this new enterprise, which had as- 
smned such formidable proportions, was during its development favored 
with a constant beliefs of the entire people of all nations in its value and 
its efficacy to supply a substitute for the staple of the tropical climes, 
which had formed the basis of much of the maritime commerce of the 
time. If Achard received ridicule at home and was looked upon by 
many of his countr^en as an insane enthusiast, but which prejudice 
hy presentation of substantial evidences he was able to dissipate, the 
criticisms heaped upon Kapoleon were of the bitterest character abroad, 
and the mutterings which could not under imperial rules enjoy unre- 
strained expression were not unknown to him, nor did they in any way 
affect the firmness of his resolution or his charity toward his critics at 
home, as is shown in the following address he made to the chamber of 
commerce March 11, 1811, in which he says : 

The Berlin and Milan decrees are the fundamental laws of my empire as regards 
neutral commerce. I consider the flag an extension of territory; and the nation which 
snffers it to be violated shall not be considered neutral. 

The fate of American commerce shall soon be decided. I will favor it if the United 
States will oonlbrm to these decrees ; on the contrary, their ships will be excluded 
from my empire. • 

Commercial relaticms with England must oease. I proclaim it to yon, gentlemen, dis- 
tinctly. Merchants who have transactions there to settle or funds to withdraw should 
do it as quickly as possible. I gave this advice some time ago to the merchants of 
Antwerp, and they have profited by it. 

I wish for peace, but not a patched*up one. I wish for it sincerely, and for such an 
one as wiU afford me sofflcieut guarantees, for I have not lost sight of Amiens or 
8t. Domingo, or the losses which commerce sustained from the last declaration of war* 

I have a knowledge of what is passing in the counting houses of merchants. I know 
they denounce in high terms my measures and say I am badly advised. I will not 
blame them for their impressions, because, not having a view of the whole ground, 
they have not an opportunity to calculate and judge as I do. Nevertheless^ those who 
have lately arrived from England wiU inform you of the iijnridus oonse<|Hences pro* 
daced in that country from an interruption of their commerce with the continent, and 
may say it is possible t am right and that my designs may be accomplish^. 

I am infivmed that fbom late experiments France win be enabled to do without the 
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Bagam and indigoes of the two Indiea. Ohemistry has made such progress in this 

country, that it will possibly produce as great a change in our commercial relations 

as that produced by the discovery of the compass. I do not say, gentlemen, that I 

do not wish for maritime commerce or colonies, but it is proper to abandon them for 

the present, and until England shall return to just and reasonable principles, or until 

I can dictate to her the terms of peace. 

• ••««« ft 

I know- the English have better admirals, and that is a great advantage, but by often 
fighting them we shall learn to conquer. 

The vent of colonial produce upon the Continent being on9e firmly shut, the English 
will be obliged to throw into the Thames the sugars and indigoes for which the;f have 
exchanged objects of their industry, and which have afforded them such resources. 

It is stated that about this time a caricature was exhibited in Paris, 
in whicli the Emperor and the King of Rome were the most prominent 
characters. The Emperor was represented as sitting in the nursery with 
a cup of coffee before him, into which he was squeezing a beet root. 
Near him was seated the King of Rome voraciously sucking the beet- 
root, while the nurse, standing near and steadfastly observing, is made 
to say to the youthful monarch, " Sucky dear, suck; your father says it is 
sugar!'' 

But as the doubt and ridicule here indicated gave way to a large ex- 
tent in France before the development of the industry, that expressed 
in the English..joumals also gave j)lace to an undercurrent of anxious 
inquiry as to the possible fate of the English colonial commerce, and the 
probable extent of the development of the new industries that were 
being so ardently fostered by Ifl'apoleonj and it is related by the Prince 
Louis Napoleon that the English Government even made anonymous 
offers to Achard, first of the sum of $40,000, and later on of $100,000, 
if he would publish a work declaring that he had been carried away 
by his enthusiasm in his former publications, and that the results he 
then made public had by no means been confirmed by his later work. 
Failing in effecting in this way the result desired, it is said the govern- 
ment induced Sir Humphrey Davy to write a brochure, in which he de- 
clared that, while sugar could be produced from the beet, the product 
was too bitter for consumption. 

But the impotency of these attacks upon the new industry is fully 
illustrated in its subsequent history. Napoleon, in his wisdom, contin- 
ued his substantial encouragement of this and other agricultural and 
manufacturing industries in France by the appropriation of several mil- 
lions of francs in their support at a time when the total revenue of his 
empire did not exceed 999,000,000 of francs (less than $200,000,000) and 
he was maintaining large armies in Spain and Portugal, and a very 
formidable navy on the high seas. 

But if the industry Napoleon had fostered and established fell with 
his downfall, its value had been demonstrated, and was even admitted 
in the first report of the Abb6 de Montesquieu, minister of the interior 
under Louis XYin, a report filled with the bitterest criticisms of the 
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policy of the imperial government, accusing it of tyranny and imposition 
upon the rights of the people as concerns the manufactoring interests. 
In the course of this report the minister remarked that — 

Mechanics and chemistry, enriched by a crowd of discoyeries and ably applied to 
the arts, had caused rapid progress. The continental system, by forcing manufactnr- 
eiB to seek npon onr own territory hitherto unknown resonrces, brought about some 
nsefol results. 

The condition in which the wars left France and her industries at the 
beginning of 1815 necessitated the production of the revenue for the 
support of the goyemmeM from external sources, for her fields and fac- 
tories could not then bear a tax sufficient for the purpose. The customs 
duty this required maiiitained the prices of colonial staples at rates even 
higher than those which prevailed during the preceding reign, and ope- 
rated as a substitute for the encouragement before given by the govern- 
ment. It was on this account that the one factory, that of M. Crespel, at 
Arras, in the department of the Forth, which had survived the general 
wreck, was able in a year or two to yield to its enterprising owner and 
director a fair income with which to retrieve his broken fortune, and to 
again extend the industry in which it was shown he had such a deep in- 
terest. With the profits attained by one factory he established another 
until he finally became the proprietor of ten of the finest works of his time. 
His intelHgence, industry, and enterprise gave an impetus to the culture 
and manufacture of the crop, and his example was soon followed by 
others in different parts of the country, and factories were established 
and worked with varying success. In 1823, Dubrunfaut published, in 
his work on the manufacture, information concerning the condition of 
the industry at that time, that he had been able to obtain on a tour 
among the principal factories of the day. From this work we gather 
the facts and figures tabulated below concerning the cost of culture of 
the beet and of the manufacture of sugar by some of the most progress- 
ive and successful manutkcturers he had occasion to visit. 



Name of grower. 



Hathlen de Dombaale. 

Count Chaptal 

Ciespel • 

Cafler 

Dakeof Bagnsa 

General Preyal 

Hasson 

Anclr6 

Grtvet-P616 

Bemars 



Avexage^ 



Yield per 

acre in tons 

of 2,200 

pounds. 



6.06 
12.45 
10.12 
12.145 
10.12 
e.356 
6.680 
7.247 
10. 777 
15.222 



Cost per 
ton of 
roots. 



$5 80 
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Dabmnf^at determines from his own observations as the cost of pro- 
dttctioa 5.2 cents per poand avoirdnpois for the intermittent process, and 
4.8 cents for the continnons. Colonial sugars were at this time wortti 
1.10 to 1.50 francs per kilogram or 12.7 to 13.6 cents per poimd,.aiid it 
was stated to be impossible to produce them at a cost of less than 5.d 
cents per poand in the Antilles. 

The above estimate of cost given by Dnbranfant was for working 
aboQt ],000 tons per annnm. For working double tliat quantity the net 
cost appears at that time to have been greater, and reached 5.8 o^ts for 
the intermittent process and 6.1 f<fc the continuous process. 

From this time the industry continued to spread rapidly, and to pro- 
duce everywhere ftuitful and profitable results, though, strange to say, 
no record seems to have been kept of the statistics of production in 
Prance nntil the year 1829, when it was stated at 4,000 tous. 

In Germany the industry did not revive jintil after 1835, when atten- 
tion was called to it by £rause of Austria, and Schubarth of Prussia, 
who went to France, the first in 1834 and the second in 1836, to study 
the progress and condition of the manufacture. As a consequence of 
these trips and the prominence given by the press of the information 
they carried home with them, the culture of the beet was inaugurated 
anew, ketones were again erected in large numbers, and the industry 
soon became so powerful as to be competent to contribute to the reve- 
nue of the government 
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OHAPTBE II. 

STATISTICS. 

The departments of France la which the caltme of the beet fbr the pre- 
duction of sugar is mostly confined, or where it is most active^ are the 
Aisne^ I^ord, Pas-de-Calais, Bomme^ Oise, and Ardennes. Beets are 
grown for the production of sugar in the other departments, it is true, 
bat the manufacture is carried on there to a limited extent as compared 
with those mentioned, and it is a rare exception to find it in any dex>art- 
ment so/ith of the river Loire or east of the Saone. These &cts are il- 
lustrated in the following table, showing the number of factories in 
existence and the quantities of sugar (in tons of 2,200 pounds) produced 
in the different departments in the campaign of 1877-^78 : 



Departmenta. 



Aiane 

JTord 

?i»de-Ca]aiB 

Somme 

(Mse r.. 

Ardennes..... 

Anbe .... 

Cher -.. 



C6ted'Or 

Enre ■ 

HanteMixne 
Haate Saone . 
Lnret 



]tfame 

Meortbe-et-Moaelle . 
Mease 



Ki^vre 

pQj-de-Dome . . . . 
8a6iie-et-L<»ire... 
Seine Inf6rieiiTA . 
Seine-et-Mame . 

Seine-et-Oise 

DenxS^yres 

Bme-et-Loire . . . 
Toime 



Total 



Baspins works 

liBctorfes witii xasping worlu. 



No. of 

iJEUstor- 

ies. 



91 

168 

96 

66 

40 

11 

2 

1 

4 

4 

1 

3 

1 

6 

2 

1 

1 

5 

3 

1 

14 
9 
1 
2 
1 



521 



143 
59 



ProdaottoB. 



Tont. 
83,500 
99,500 
61,000 
54,500 
33,600 



M,m 



800,000 



Ihis list is taken fix>m the Idste OSnirale des Fahriquea de sricre^ pub- 
lished at the of&ce of the JouCrnal dea FabrioanU de Sucre^ in Paris. The 
total' number of factories given here varies considesably from that given 
in the official statistics of the condition of tfie industry in France and 
lefi^red to as factories in active operation, w^h would seem to indi- 
cate the e^stence of a number of idle works. 

Fropi figures we have been able to obtain from various sources we 
liave GonstruGted the following jbafole, showing the number of factories 
in existence and the quantities of sugar produced in France for the dif- 
ferent years from 1835 to the present time. The portion of the table 
for the years 1840 to 1875, inclusive, was constructed by a writer in the 
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Jawmal des FabrioanU de 8ucre^ and the figures for the snbseqaent years 
I have taken from various official reports. The figures of the table 
vary in some particulars from those given by other authorities, but they 
wiU serve to show the steadily increasing progress made by the indus- 
try during the time covered by the table. 



Years. 



1827-'28.. 
ia28-'29.. 
182fr-*30.. 
188a-'31.. 
1831-'32.. 
1832-'33.. 
1833-'34.. 
1834-*3S*. 
1835-'36.. 
1836-'37.. 
1837-'38.. 
1838-'39.. 
1839-'40.. 
1840-'41.. 
1841-'42.. 
1842-'43.. 
1843-*44.. 
18i4-'45.. 
1845-'46.. 
1846-'47.. 
1847-'48.. 
1848-'49.. 
1849-'60.. 
1850-'51.. 
1851-'52.. 
1852-'53.. 



I 



I 

I 



486 
S65 
.422 
389 
808 
384 
325 
294 
306 
298 
804 
284 
288 
308 
329 
337 



pit 



1,«)0 
2,200 
2,686 
4,880 
7,000 
9,600 
12,000 
20,000 
30,000 
40,000 
48,968 
49,226 
39,199 
22, 748 
26, 959 
30,493 
29,500 
28,660 
36,457 
40,546 
53, 796 
64,316 
88, 639 
62,165 
76,151 
68,583 
75,276 



Tears. 



1853.'64 

1854-'55 

185(K'56 

1856-'57 

1867-'68 

1858-'59 . 

1899-'60 

1860-'61 

1861-'62 \ 

1862-'63 

1863-'64 

1864-'65 

1865-'66 

1866-'67 

1867-'68 

18(i8-'69 

1869-'70 

1870-'71 

1871-72 

1872-73 \ 

1873-74 

1874-76 

1875-76 

1876-77 

1877-78 

1878-79 r. 



^. 


6«g 


u± 


A C4 i£ 


1^ 


Sugar 
duced 

tonaof 
ponnd 


303 


76, 957 


208 


44,669 


275 


92,197 


283 


83,126 


841 


151. 514 


349 


132,650 


834 


126, 479 


334 


100.876 


346 


146, 416 


362 


173,677 


366 


108,466 


398 


149, 074 


419 


274. 014 


434 


216,654 


159 


224,767 


456 


206,844 


464 


282,136 


482 


282,109 


494 


824,429 


519 


395,254 


527 


383*218 


524 


423,822 


525 


462.259 


502 


243,182 


501 


398,132 


501 


420,396 



* The figures for the years 1826-'27 to 1834-'35, inclusive were talcen ftom the work of Piinoe Kapoleon 
Louis Bonaparte, entitled "Analysis of the Sugar Question."— English translation.. 

The general statistics of manufacture of indigenous sugar in France 
for the years 1873^ 1874, and 1875 are given in an official publication for 
the year 1875 as follows : 



Number of factories 

Laborers employed 

Force employed, horse-power. 
Production of sugar (tons) — 
Production of molasses (tons) 
Total value of produoti(m — 



1873. 



582 

• 73,485 

62,819 

409, 916 

231,770 

$54,185,704 



1874. 



543 

74,875 

09,999 

423,222 

214,017 

9«M, AiM, yOo 



1875. 



539 

68,582 

71,335 

463,122 

199,248 

$54,425,757 



In 1875 the laborers comprised 61,023 men, 9,367 women, and 8,192 
children. These figures do not include all those employed in the fields 
in connection with the ciflture of the beet, though many of these become 
distributed there during the summer months when the factories are not 
in operation. 

The next table will show the detailed statistics of culture of the beet 
in Erance for the year 1875, whether for sugar inatiufacturei, for distil- 
lation, or for fora^ge, and of the manufacture of sugar for the same year. 
It wiU explain Itself. 
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OHAPTEEin. 

METEOROLOGY AS APPLIED TO BEET-ROOT CULTURE— CONDITIONS MOST 
FAVORABLE— COMPARISON OF CONDITIONS IN THE BEET-GROWING DIS- 
TRICTS OF EUROPE— LIMITS OF CONDITIONS GOVERNING THE EXTEN- 
SION OF THE CULTURE— LOCATION OF SECTIONS OF FAVORABLE CON- 
DITION^.IN THE UNITED STATES— CONCLUSIONS. 

In the meteorological conditions of various sections we believe will be 
found tbe most important influences that have a bearing upon the limits 
to tbe extension of tbe industry we bave under consideration. In estab- 
lishing tbe culture of tbe beet and the manufacture of sugar therefrom, 
much of course depends upon the social and commercial relations of a 
community, but these are to some extent variable according to the de- 
sire of the population composing the community, and may be modified 
by human influences. Deficiencies in the physical or chemical characters 
of soils may be modified by the application of human intelligence, skill, 
and labor, but the influences which may affect the culture of the beet 
for good or evil, and over which we have no control, are those which 
constitute the subject for consideration in the present seftion of this re- 
■poTt, In this branch of the subject there is nothing to be done but to 
make a comparison of the conditions of the section in which an attempt 
at the culture is contemplated, and those of sections in which the in- 
dustry is most prosperous, and enter into or abandon the enterprise, 
according to tfie results of the comparison as they are favorable or oth- 
erwise. 

Tbe principal conditions to be studied in this connection are very natr 
urally those of temperature and moisture with which the plant may be 
surrounded, and we are perfectly aware that, in order to make this worfc 
complete, the examination and comparison of the conditions abroad and 
at home should be much more extended and exhaustive than we have 
been able to make on account of the various limitations to which we 
have been subject. However, the results we may here make public will 
not be without value as a guide to those desiring to attempt establish- 
ing the production of sugar from the beet root in any portion of the 
United States or, indeed, elsewhere. 

Tbe ajQOunt of moisture at the disposition of the plant at all seasons 
of its growth is the most important factor in its normal development 
that will affect to any marked extent the quantity and quality of the 
crop and consequently the existence and progress of this culture. 

Temperature has an influence it is true, but, except it be^too low, it 
has not the same power for evil that deficiency of moisture may have, 
and we have nothing to fear concerning too low a temperature during 
the growing season in the United States. In fact, the plant is xnore 
likely to suffer from too high a temperature during the summer months 
than from a deficiency of heat. 

In determining whether a section be favorable to the culture it is, of 
3 SB 
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course, of importance to note whether the temperature is sufficiently 
high to insure the development of the plant, and, after this, note' must 
he taken of the rainfall -with which the section is favored during each 
month. It is not sufficient to know that the quantity is equal to or 
above a certain average, but that it be regularly supplied, and also that 
the temperature is not sufficiently high to evaporate it before it can be 
made use of by the plant In this study, therefore, it is desirable that 
we take into consideration as factors the average temperature, rainfall, 
humidity, and number of rainy days for each month during the growing 
season. 

Upon consulting the map of the European states showing the location 
of beet-root culture, we find it generally concentrated toward the north. 
But, in the study of the meteorological conditions, we find that the qaan- 
tity of rainfall during the year is greater in the south than in the north, 
and yet in the former section vegetation seems to suffer more from want 
of moisture than in the latter. Mari6 Davy justly explains this by re- 
ferring it to the evaporation due to a higher temperature, more direct 
sunlight, and a less number of days upon which rain falls. Thus he 
says:* 

Generally, rains are less nnmeroas, more abundant, and less disseminated in the 
senth than in the north. It rains longer and more frequently in the neighborhood of the 
•coasts than in the interior ; and, finally, mountains are a cause of increase in the to- 
tal annual rainfall, especially upon sides exposed to winds from the sea. The south 
'of France, therefore, receives more of water in rains than the northf but the raiud are ! 
less frequent. The temperature being higher, the atmosphere contains more of aque 
(ons vapor, with equal degrees of the hygrometer, and, when the condensation of moist- 
ure takes place, it furnishes a larger quantity. Bot the condensations are more rare, 
and, as the evaporation is very active, the periods of drought are long and sometimes 
very intense. Sections bordering on the ocean and the channel are more frequently 
.rainy than the interior. • * « The French coast of the Mediterranean forms an 
icxception to this rule. Here the annual rainfall is but 0.60 meter (23.6 inches) not- 
^withstanding their southern position. This is because the rainy winds of the center of 
J^ance reach the basin of the Mediterranean only after passing the Cevennes Mount- 
.-alns, where they lose the greater portion of their water. 

Oonceming evaporation the same writer says:t 

litis the reverse of rainfall. This phenomenon varies widely according to times and 

■places. If we consider first the annual average by regions, we obtain the results 

summed up below: 

Inches. 

Plains of the north of France 24.4 

Plainsofthe west of France 26.7 

Piateau of the central region. 34.25 

Southern France 87.79 

Whether these relations be the sole influence tending to confine the 
beet culture of Prance to the lunits mentioned above or not, it will be of 
interest to see what are the conditions^ost suitable to the culture as de- 
termined by observation, and what are the conditions recorded for the 

^Metearologie et PhyHque agricolee, Paris, 1875) p. 100. tibid, p. 193. 
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sections in which the industry has secured firm footing and has become 
a source of profit to those engaged in it. But before proceeding to the 
discussion of the records we desire to call attention to the notions con- 
cerning the conditions found by observation to be most favorable to the 
crop both as to the production of quantity and of quality. 
In this connection Briem* considers that— 

The temperature of the soil should be at least 50^ F. at the time of sowing. A 
warm month of May favors germination. A dry hot July makes the roots run to seed ; 
rainy August gives weight j dry September increases the sugar, while a wet Septem- 
ber produces the opi>osite effect. From May to the middle of June should be warm 
and tolerably moist, with a day temperature of 60° to 65° F. June and July should be 
relatively cool and rainy, with a day temperature of 65° to 67° F. August and Sep- 
tember eOiould be warm and relatively dry with an average temperature of 64.5° to 
67.5° F. October cool and fresh with an average temperature of 47.7°. 

The sumf of degrees of heat required for production of sugar is di- 
vided as follows, in round numbers : April, 1,370 ; May, 1,840 ; June, 
1,980; July, 2,140; August, 2,030 ; September, 1,840; October, 1,530— 
total, 12,730 degrees Fahrenheit in seven months. 

Basset I gives figures for sum total of degrees of heat required for 
production of sugar which do not vary much from those of Briem. 

Dr, Kohlrausch § says : "Among the labors and studies having in view 
the law presiding over this plant (the beet-root) the meteorological con- 
ditions are with this regard well worthy of attracting our closest atten- 
tion.'^ 

Dr. Joseph Hanaman has just published the results of observations 
of 1877 at the station of Lobositz, of which he is director. The tem- 
perature and the atmospheric conditions were very favorable in 1877, as 
well for the normal development of the plant as for the formation of 
sugar. Thus the year 1877 may be counted upon as one of the best of 
the last decennial periods. The last months of growth were eminently 
proper to facilitate maturation of the roots, the saccharine content and 
parity of which were exceptional. The mouth of September was con- 
stantly dry, except toward the last days, and the nights were cool. 

Dr. Hanaman says: ^^The influence of the temperature explains the 
exceptionally high polarizations and remarkable purity of the beet of 
1877. Lobositz beets oi that year varied in richness between 13.61 and 
15.64 per cent, of sugar, with a quotient of purity of 80.4 and 92.7.'' 

The observations of Hanaman correspond with those of Deherain, 
vho, by comparing the yields obtauied in his experiments of 1876, 1876, 

* Joomal des Fabricants rle Sucre, October 23, 1878. 

t This is determined by multiplying the daily average of temperatore by the numr 
bcr of days in the month. 
t Guide Pratiqae du Fabricant de Sucre, 1872, vol. 1, p. 419. 
$ Journal des Fabricants de Sucre, 1878, March 27. 
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and 1877, and the temperature and rainfall from September 15 to Octo- | 
ber 15 of the same years, foand the following relations : 



• 

Yean. 


September 16 to October 16. 


Obaerratioiia. 


Average temperature. 


BainfiiU. 


1875 


68o.7Fahr... 


Inehet. 
2.04 
2.17 
0.45 


Poor beets. 


1870 


590.4 Fahr 

61o.3Fahr 


Do. 


1877 


Hichbeeta. 









We now come to the consideration of the meteorological conditions 
actually existing in the beet-growing districts of Europe, from a com- 
parison of which with those of a similar character in our own countiy, 
we must determine those sections in which we may enter into the prose- 
cution of the industry with the greatest probabilities of success. 

A very clear notion of the general conditions of temperature and rain- 
fall prevailing in the beet-growing districts of Europe may be obtained 
from the table of curves given in the lower right-hand corner of thj 
European map. 

The curve of rainfall for the north of France and Germany is copi< 
from a table of curves given by Mari^ Davy;* and the curves of tei 
perature and rainfaU tor Cambrai, located in the midst of the beet-growini 
district of France, and for Halle, situated in the most important sugs 
produciug section of Germany, are plotted from our own compilations. 

From these we see how closely the deductions made from a study 
the recorded conditions compare with those arrived at by Briem, Han 
man, and Deherain, from their cultural experiments and observations. 

It was our intention when starting out with this work to confine t 
meteorological researches to the conditions of France, but the paucii 
and irregularity of the records of the climatic conditions of that ecu: 
try forced us to look to other countries for the data we required. I\ 
this connection we find the records of Belgium, cared for by the illui 
trious Qu6t61et, more complete in all particulars than those of any otbei 
country. From them, as given in his '^ MetSorologie de Belgique^^ we 
have constructed the following tables that will explain themselves : 



Average temperatures in Belgium for tht 


? different months. 








Places. 


if 

1 


i 
1 


• 

1 


^ 

^ 


• 

1 


h9 


• 
»-9 


4 

1 


1 

1 


1 




1 
1 


p 


Smxelles 


35.96 
32.90 
33.62 
36.32 

32.18 
35.42 

34.88 
32.18 
36.32 


38.12 
36.68 
35.78 
37.94 
35.06 
39.20 
36.68 
35.96 
32.90 
35.24 


41.90 
41.36 
41.54 
42.44 
49.46 
39.38 
4L00 
39.74 
37.22 
39. 02 


48.56 


fiR. 12 


63.14 
64.22 
67.28 
61.34 
62.96 
62.60 
64 22 


64.94 
67.28 
68.90 
64.04 
64.58 
65.84 
66.56 


64.40 
a5.84 
67.82 
64.04 
64.22 
63.86 
65.84 
64.58 
63.86 
55.94 


59.00 
58.82 
60.26 
60.98 
57.92 
57.56 
58.82 
5&84 
54.86 
53.43 


51.98 
50.00 
50.90 
53.24 
49.64 
51.08 
51.80 
50.78 
48.74 
40.46 


42.80 
42.80 
40.82 
43.52 
42.44 
42. 98 
40.82 
40. 2d 
37.58 
32.90 


38.12 


Alost 


46.94! 56.30 
50.72; 59.90 
49.28 56.84 
48.56; 57.02 
48.38 56.66 
48.74' .W. 3ft 


85. GO 


Gand 

Ostende 


35.96 
38.06 


Louvain 

St. Trond 


27.86 
37.40 


Jjihse 


37.22 


Kamur 

Stavelot ................. 


47.84 
46.04 


56.12 
55.04 


63.86 
63.86 


68.02 
65.48 


36.86 
33.80 


Arlori r 


39.02 


4&20 


57.20 


62.42 


33.80 
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Average hunUdUy in Belgium for the different months. 



Places. 



Bmxdles 

Gand 

StTrond 

Li^ge 

Stavelot . 
Kamnr .. 



87.8 
91.0 
89.2 
85.0 
92.3 
9L5 



83.6 

8&7 
88.4 
8&5 
91.4 
87.0 



I 



73.6 
8L9 
85.4 
85.0 
85.8 
85.0 



=2 



W.9 

75.0 
7&8 
83.5 
77.7 
79.4 



I 



642 
69.3 
7L8 
81.0 
74.6 
75.6 



I 



64.8 

6&1 
75.0 
69.0 
75.3 
74.1 



^ 

1 



6&8 
68.9 
71.2 
75.0 
7a 9 
77.2 



6&3 
71.2 
78.6 
82.5 
80.4 
78.8 



I 



^ 
S 



73.7 

78.1 
83.8 
87.0 
85.0 
85.2 



I 



80.4 
83.3 
84.4 
89.5 
89.8 
87.8 



I 

O 



85.2 
88.0 
88.8 
85.0 
90.3 
88.8 



89.0 
90.4 
92.0 
90.5 
92.2 
90.4 



BelatUm "between the ntfrn^er* of years above the average and those below it. 



Placea. 



Gand.... 
StTrond 

Lddge 

Stavelot . 
Xamnr . . 



I 



7-6 
8-2 
1-1 
6-5 
2-4 



8-6 
8-2 
1-1 
4-7 
2-4 



4-10 

8-2 

1-1 

6-6 

4-2 






8-6 
4-1 
1-1 
4-7 
2-4 



^ 
d 



8-6 
2-3 
1-1 
3-8 
3-3 



s 
5 



7-7 
2-3 
1-1 
5-6 
3-3 



t 



7-7 
2-2 
1-1 
8-8 

8-a 



^ 



6-8 
8-2 
l-l 
4-7 
8-3 



I 



s* 

£ 



7-7 
2-3 
1-1 
4-7 

a-3 



4-10 

8-2 

1-1 

6-5 

3-3 



I 



2-12 

8-2 

1-1 

5-6 

8-3 



7-6 
2-3 
1-1 
4-7 
2-4 



Number of rainy days for the different months — average of a series of years. 



Places. 


• 

§ 


• 
PE4 


• 

.4 


1 


1 


>-i 


t 


^ 
< 


1 
1 


1 


1 
1 


1 


Bmxelles 


14 8 
14 
10.8 
12.3 
10.7 
14 3 
18.7' 
12.5 


12.1 
10.7 
10.6 
10.8 
10.3 

9.8 
10.9 

7.8 


147 
14 2 
13.4 
15.5 
11.7 
13.6 
18.4 
8.9 


14 3 
14 6 
10.2 
14 7 
l&O 
14 
16.6 
12.8 


149 
15.7 
13.8 
16.4 
12.5 
149 
17.1 
15.9 


15.6 
15.4 
15.0 
16.7 
15.2 
16.1 
15.7 
15u5 


16.2 

17.0 

ia2 
l&l 

12.5 
14 4 
15.8 
16.6 


16.8 
15.6 
10.4 
17.9 
15.7 
140 
16.2 
14 9 


147 

14 9 
16.8 
13.7 
13.8 
14 9 
15.2 
13.7 


17.8 
17.1 
13.0 
17.7 
13.5 
16.0 
15.9 
16.0 


16.1 
15.7 
17.0 
17.6 
13.5 
14 
14 6 
10.6 


15.3 


Gand 


13.6 


AloBt 


1L6 


Lonvain ...x.. 


12.7 


StTrond 


10.8 


Namur 


14 9 


Li^ge 


13.6 


Stayelot 


11.7 







Belaiion between the number of years for which the recorded figures are above the average and 
below itf as shovm by the observations of a number of years. 



Places. 



Gand.... 

Alost 

Louvi^ . 
StTrond 
Kamor. . . 
Li6ge.... 
Stavelot . 



12-14 
3-3 
6-7 
4-2 
6-8 
o— o 
6-6 



12-14 
3-2 
6-6 
8-3 
7-6 
8-9 
6-5 



M 
^ 



15-11 
6-1 
6-6 
4-2 
7-6 
9-8 
6-5 



t 



7-19 

3-3 

6-6 

3-3 

8-6 

9-8 

6-6 






13-13 
3-3 
7-5 
1-5 
6-7 
12-5 
7-4 



I 



12-141 
3-3 
6-7 
3-3 
7-6 
6-11 
6-5 






11-16 
4-2 
4-8 
3-3 
7-6 
7-10 
4-7 



14-12 
4-2 
6-6 
2-4 
7-6 

10-7 
6-5 



I 



16-11 
4-2 
6-7 
4-2 
4-9 

10-7 
6-6 



I 



12-14 
1-6 
7-5 
4-2 
5-8 
6-11 
6-6 



I 



I 



10-161 
8-3 
6-6 
3-3 
7-6 
9-8 
5-6 



11-16 
&-3 
6-6 
3-3 
6-7 
8-9 
6-5 
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CULTURE OF THE 8UGAB BEET. 
Average monikty rainfall in Belgium ex p res s ed in inekee. 



Places. 


• 

1 


• 


4 


1 


1 


1 


t 


• 

-8 
& 


1 


1 


November. 


1 


Stuxelles ,.,.. 


2.19 
2.30 
2.77 
2.10 
L92 
2.28 
1.97 
2.92 


1.85 
1.82 
1.95 
1.96 
1.24 
2.14 
2.10 
3.03 


1.96 
1.89 
1.94 
1.88 
1.41 
1.98 
1.66 
2.48 


1.99 
1.92 
1.67 
2.52 
1.89 
2.00 
2.95 
3.31 


2.28 
2.32 
1.98 
2.66 
2.14 
2.15 
2.38 
8.07 


2.64 
2.94 
3.63 
2.81 
2.18 
3.05 
2.43 

a23 


2.69 
2.91 
8.88 
2.53 
2.05 
2.64 
1.98 
8.16 


2.84 
2.97 
2.68 
3.31 
2.40 
a 05 
8.70 
3.50 


2.89 
2.87 
2.75 
2.63 
2.17 
2.31 
2.17 
a 16 


2.64 
2.84 
2.32 
2.60 
L99 
2.34 
2.78 
8.01 


2.38 
2.59 
3.68 
2.18 
1.66 
2.81 
1.76 
2.73 


2.14 


Gand 


9.43 


Alost 


2.02 


lii^fipe 


2.43 


T^^snnnr. ...T....r .,-r-r--, 


1.97 


liOnTain ,,,-,.,,, 


1.82 


St.TTond 


1.72 


Stavelot 


3.20 







Belation^ between the num1>er of years in whic^ the rainfall of the different months is below 

2 inches (50.5<^°^) and of ihose in which it is above thatfiffure. 



Pluoes. 


1 


f 


• 

.g 


t 


1 


1 


t 


• 


1 


1 


1 
1 


1 


IRrq-x^llMi 


12-18 
10-15 
1-4 
8-9 
6-7 
5-7 
2-4 
. 4-7 


17-13 

14-12 

3-3 

10-7 

10-3 

6-6 

3-8 

5-6 


19-11 

16-10 

6-1 

11-6 

10-3 

7-5 

4-2 

6-6 


15-15 
14-12 
4-2 
0-11 
8-5 
7-5 
1-5 
2-8 


18-12 
1^-17 
3-3 
5-12 
7-6 
<M) 
3-3 
1-10 


11-19 
7^19 
1-5 
3-14 
6-7 
5-7 
3-3 
2-9 


8-22 

7-19 

1-5 

4-13 

6-7 

5-7 

3-3 

0-11 


8-22 

6-21 

2-4 

5-12 

7-60 

2-1 

1-5 

1-10 


12-18 
6-20 
2-4 
7-10 
6-7 

4r^ 

4-2 
4-7 


11-19 
9-17 
2-4 
6-11 
8-5 
7-5 
2-4 
4-7 


12-18 
9-17 
1-6 
7-10 
9-4 
2-10 
4-2 
2-9 


18-17 


Grand 


12-14 


AlOBt 


5-1 


Li6ge 


7-10 


Uamur. .................. 


7-6 


Ix>iivai2i ................. 


8-4 


St. Trend 


4-2 


Stavelot 


3-8 







These tables show certain relations that it will be eminently advisable 
to notice in the determination of localities favorable to beet-root onltnre. 
For instance, we see that the maximum average of temperature will not 
exceed 7(P Fahrenheit; that the minimum average of monthly rainfall 
for the summer months is never below 2 inches; that the averages for 
the number of rainy days during the different months do not fall below 
10; that during the summer months the averages are even above 15, 
and that the number of years in which the figures recorded are above 
the average is proportionally greater than the number of years in which 
they are below the average. And if it were possible to obtain the same 
extent of figures for the other countries where the industry of beet cult- 
ure and sugar manufacture is distributed and is prosperous, the relations 
would doubtless be found to be closely comparable with those we have 
just given. It is to be regretted, in connection with the matter of the 
introduction of the culture in the United States, that we cannot quote 
tables of records showinjg the average number of raiuy days in our coun- 
try, for it has an undoubted influence upon the value of the crop. 

We may now examine the conditions prevailing in other beet-produeing 
sections of Europe, as shown in the following tables we have been able 
to compile from the works of Qu6t61et, Dove, Mari^ Davy, Jelenek and 
Fritsche, and from the Atlas deVOhservatoire de Paris, the Annttaire de 
la 8ooi6U M6t6orologique de France^ and the Bulletin de la Bureau Centrale 
de Metiorohgie at Paris. 
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As before stated, the number of stations in France for wMch we were 
able to obtain averages or to find data sufficient to calculate averages 
from are very limited, yet the figures we present will serve to show the 
coiucidence of the conditions iu the sections in which the culture has 
been so long established, and these and the other records of the table, 
taken in connection with the map showing the location of the culture of 
the beet, will form a subject of interesting study, and are of value for 
comparison in the selection of sections of other countries that will be 
statable, so far as the meteorological conditions are concerned, for the 
introduction of the industry with chances of success and profit. 



TABLE SHOWING THE MONTHLY AVERAGES OF TEMPERATURE AND 
RAINFALL THROUGHOUT THE BEET-GROWING DISTRICTS OF EUROPE, 
IN DEGREES AND INCHES. 

BOHBHIA. 



Months. 



January.. 
February . 

March 

April 

May 

June 

July 

August . . . 
September 
October. . . 
Kovember 
December 



Hohenfbrth. 



Temp. 



22.95 
25.90 
84.61 
43.90 
68.60 
60.86 
63.21 
61.14 
62.21 
44.56 
33.78 
27.57 



Bain- 
fftlL 



.50 

.35 

.66 

.75 

L16 

2.00 

1.96 

2.16 

1.19 

.92 

.93 

.58 



Knunan. 



Temp. 



80.20 
33.75 
41.63 
48.16 
60.53 
66.70 
66.20 
68.16 
60.65 
5L00 
40.71 
36.41 



Bain- 
falL 



.67 

.34 

.76 

.59 

1.25 

1.50 

1.64 

1.10 

LOl 

.78 

.59 

.52 



^ Bndtreis. 



Temp. 



28.24 
26.17 
86.80 
49.71 
64.56 
60.24 
06.76 
61.43 
68.87 
46.81 
85.44 
28.08 



Bain- 



.34 

.52 

.60 

.92 

.72 

2.08 

2.06 

1.69 

.98 

.80 

.65 

.30 



Winterberg. 



Temp. 



28.40 
33.80 
36.86 
45.57 
62.76 
69.88 
66.92 
67.67 
66l42 
47.42 
89.70 
84.57 



Bain- 



.72 
LOS 

.47 
1.10 

.94 
1.90 
2.94 
1.20 

.59 
1.37 
1.28 
1.47 



Months. 



January .. 
February. 

March 

April 

m,Y 

June 

Jnly 

August... 
September 
October... 
November 
December 



Behberg. 


Stabenbaoh. 


Schiittenhofen. 


Nen.Bis 


Temp. 


Bahi- 
fall. 


Temp. 


Bain- 
faU. 


Temp. 


Bain- 
fall. 


Temp. 


21.94 


2.77 


24.35 


2.42 


27.09 


.46 


22.12 


26.80 


L79 


8L91 


6.82 


84.09 


.63 


26.62 


83.69 


3.05 


83.34 


L73 


38.19 


.72 


33.40 


41.02 


LOO 


46.44 


6.00 


46.95 


.82 


42.89 


60.34 


2.65 


64.15 


2.09 


65.33 


L98 


62.36 


66.98 


3.05 


6L77 


3.89 


69.68 


2.09 


67.45 


69.41 


3.14 


6L12 


8.22 


62.94 


L35 


61.16 


67.81 


2.14 


60.76 


2.00 


63.16 


L97 


68.78 


62.16 


L41 


47.97 


2.19 


68.73 


Lll 


53.20 


43.52 


L71 


4L84 


4.10 


49.62 


. 66 


43.43 


. 84.68 


2.89 


29.97 


2.56 


40.66 


.79 


32.29 


26 65 


2.85 


8L83 


8.26 


33.87 


.66 


26.73 



Baln- 
falL 



.92 

.41 

.81 

L14 

.96 

L70 

L12 

L55 

L60 

LOO 

LOS 

2.23 



Months. 



January .. 
February . 
March.... 

April 

May ...... 

June 

Jnly 

Angnst . . . 
September 
OCTober... 
November 
December 



Brzecznitz. 



Temp. 



24.30 
28.38 
36.84 
47.35 
65.09 
60.31 
64.15 
6L97 
55.38 
46.92 
36.86 
33.13 



Bain- 
falL 



.81 

.64 

.77 

.82 

L17 

L80 

L06 

L46 

L02 

.41 

L08 

L12 



Strakonitz. 



Temp. 



83.44 
30.04 
82.23 
45.10 
68.62 
64.60 
66.11 
66.47 
57.22 
45.88 
4L75 
30.67 



Baia- 



48 

.94 

Lll 

.77 

L12 

2.24 

L38 

L65 

.48 

.33 

.80 

.42 



Pilsen. 



Temp. 



24.36- 
28.06 
88.30 
48.81 
67.52 
62.94 
66.45 
65.10 
5a 30 
4a 11 
37.06 
3L69 



Bain- 
fUL 



.43 

.47 

.34 

.77 

L05 

L47 

L14 

.96 

.81 

.64 

.49 

.36 



Brzina. 



Temp. 



80.41 
82.12 
38.92 
49.63 
69.68 
64.13 
66.83 
66.52 
69.46 
60.70 
40.60 
82.36 



Bain- 
fall. 



.42 

.23 

.33 

.71 

L36 

L48 

L32 

L32 

LOS 

.45 

.46 

.62 



40 



CULTUBE OP THE SUGAR BEET. 



TahU showing the monthly averages of tempemture and ramfaU, ^c— Continued. 



BOHEIOA. 



MonthBk 



January . . 
February . 
March .... 

April 

May 

Jane 

Jnly 

August . . . 
September 
October .. 
November 
December. 



IConthB. 



Months. 



Months. 



Toplitz. 



Temp. 



22.71 
27.07 
34.75 
43.79 
50.88 
56.48 
60.44 
58.84 
52.93 
45.01 
85.02 
29.79 



Rain- 
fill. 



.63 

.56 

.84 

.66 

1.10 

L14 

1.12 

1.16 

1.03 

Lll 

.92 

.91 



Deutsohbrod. 



Temp. 



24.75 
28.62 
85.92 
45.39 
54.75 
6L54 
64.15 
61.99 
56.48 
47.73 
87.90 
29.37 



Bain- 
fnU. 



.74 

.45 

.69 

.88 

1.02 

L66 

1.48 

1.36 

.87 

.70 

.72 

.71 



Karlstein. 



Temp. 



32.99 
82.66 
43.14 
53.87 
64.00 
69.00 
71.76 
68.38 
63.95 
50.50 
43.07 
82.17 



Rain- 
fall. 



.48 

.24 

.58 

.50 

1.58 

1.57 

LOO 

.67 

.76 

.39 

.53 

.18 



Piirglitz. 



Temp, 



30.44 
80.05 
38.28 
48.61 
57.83 
64.50 
65.08 
63.55 
54.55 
50.18 
'40.44 
32.71 



Rain- 
fall. 



.43 

.40 

.32 

.62 

1.06 

1.44 

1.21 

L02 

.59 

.62 

.52 

.29 



January .. 
February . 

March 

April 

May 

June 

July 

August... 
September 
October .. 
November 
December. 



Smetschna. 



Temp. 



24.93 
28.69 
36.19 
45.79 
55.29 
62.44 
65.46 
63.52 
57.11 
47.44 
37.36 
29.68 



Rain- 
faU. 



.53 
.28 
.45 
.55 
.99 
1.05 
1.08 
.79 
.81 
.44 
.57 
.54 



Saatz. 



Temp. 



25.88 
81.14 
39.54 
47.80 
57.85 
62.85 
67.15 
64.83 
58.44 
49.42 
37.54 
82.79 



Rain- 
Mi. 



.37 

.20 

.78 

.87 

.83 

1.10 

1.39 

1.02 

1.09 

.28 

.94 

.57 



libolitz. 



Temp. 



27.39 
29.59 
29.86 
45.55 
33.04 
61.97 
63.25 
63.23 
57.27 
44.49 
41.50 
16.41 



Roin- 
£aU. 



.32 

.33 

.27 

1.27 

1.23 

L26 

.82 

1.33 

.81 

.71 

.22 



SchossL 



Temp. 



25.20 
28.80 
29.37 
41.63 
53.49 
62.31 
63. 89 
60.10 
56.64 
44.85 
36.55 
24.75 



Rain- 
fall 



.43 
.45 
.37 
.48 
1.16 
1.17 

Lie 

LOS 
.68 
.55 
.48 
.29 



January .. 
February . 

March 

April 

M^y 

June 

July 

August . . . 
September 
October... 
November 
December 



Czaslan. 



Temp. 



32.92 
81.08 
89.60 
50.12 
59.50 
64.22 
69.10 
63.86 
6L97 
52.19 
4L50 
8L87 



Rain- 
f^. 



.32 

.57 

.34 

.64 

L08 

.94 

LOO 

L42 

.72 

.65 

.52 

.24 



Prag. 



Temp. 



27.61 
8L39 
40.87 
52.61 
60.49 
65.95 
69.62 
68.56 
6L81 
50.29 
39.02 
83.53 



Rain- 
falL 



.35 
.26 
.36 
.49 
.77 
L05 
.92 
.84 
.57 
.36 
.45 
.37 



Zlonitz. 



Temp. 



25.74 
80.13 
30.47 
48.81 
52.28 
63.23 
66.83 
64.45 
59.43 
50.50 
89.11 
84.79 



Rain- 
laU. 



.27 
.32 
.33 
.47 
.72 
L59 
.96 
.92 
.62 
.42 
.47 
.84 



Leitmeritz. 



Temp. 



26.28 
30.47 
37.22 
47.53 
58.37 
64.29 
66.56 
66.00 
59.09 
48.97 
39.11 
29.84 



Rain- 
fall 



.60 

.45 

.52 

.57 

LOS 

L40 

L39 

. Vo 

.69 
.81 
.66 
.55 



January .. 
February . 
March.... 

April 

May 

June 

July 

August ... 
September 
October.. - 
November 
December 



Landeskron. 



Temp. 



23.13 
27.70 
35.94 
45.07 
56.05 
62.69 
65.73 
63.25 
56.01 
47 23 
36.91 
29.23 



Rain- 
fall. 



.92 

.57 

.86 

.84 

L52 

L74 

L50 

L24 

L02 

.73 

L05 

L02 



Senftenberg. 



Temp. 



30.31 
80.25 
82.20 
43.63 
57. 27 
64.41 
65.55 
64.72 
56.10 
6L00 
34.66 
30.39 



Rain- 
faU. 



.93 
L22 

. OB 

L02 

.97 

L85 

L50 

L84 

L24 

L13 

.91 

. Vo 



Konlgsgratz. 



Temp. 



24.75 
25.54 
35.62 
44.62 
54.61 
62.47 
65.] 9 
6L99 
57.02 
47.44 
36.16 
29.50 



Rain- 
falL 



.80 

.52 

.67 

L03 

L15 

L40 

L33 

L43 

.01, 

.71 

.82 

.79 



Teutsch. 



Temp. 



29.28 
2&18 
38.64 
48.38 
59.01 
66.02 
68.05 
67. 82 
60.06 
45.97 
39.90 
33.15 



Rain- 
falL 



.48 
.54 
.37 
.73 

1.50 
.97 
.76 
.02 
.45 
.76 

LIO 
.03 
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Table sk4nnng the motUMy averages of temperature and rainfall, ^o.<-^outmaecL 

BOHEMIA. 



Months. 



January 

February 

March f 

April 

May 

June 

July 

Augast 

September 

Ociober 

ll'ovember ....' 

December 



Seichenan. 



Temp. 



28.14 
83.05 
84.34 
46.00 
&5.52 
62.89 
63.84 
61.25 
66.28 
51.06 
84.47 
80.72 



Rain- 
&1L 



.12 
.19 
.27 
.32 
.34 
.65 
.63 
.33 
1.04 
.94 



.42 



Trantenan. 



Temp. 



20.13 
2a 65 
31.86 
46.47 
56.80 
64.00 
66.16 
65.37 
57.04 
52.03 
32.14 
28.54 



Bain- 
falL 



1.12 
L25 

.87 

.09 
1.95 
1.37 
2.71 
2.67 

.61 
1.15 

.78 
1.51 



Hohenelbe. 



Temp. 



24 01 
27.09 
83.57 
42.82 
52.43 
58.39 
60.96 
59.52 
54.41 
46.22 
84.99 
29.12 



Bain- 
fall. 



1.51 
1.12 
1.27 
1.10 
1.13 
L49 
1.52 
1.53 
1.10 
1.22 
1.51 
L55 



St. Peter. 



Temp. 



23.27 
26.08 
33.26 
43.50 
49.19 
55.36 
59.70 
57.07 
51.89 
44.47 
32.70 
27.34 



Bain- 
ML 



.68 
1.14 
1.40 
L40 

.88 
2.45 
2.75 
2.32 
L83 
1.06 
1.82 
2.02 



WESTPHALIA. 



Months. 



tTannaiy 

February 

March .....y..... 

April , 

May 

June 

July 

August 

September , 

October '. 

Kovember •. 

December 



Months. 



Emden. 



Temp. 



84.41 
81.37 
37.69 
60.86 
54.24 
69.74 
61.27 
60.10 
50.16 
51.06 
42.22 
25.27 



Bain- 
faU. 



1.85 
1.50 
.75 
.88 
2.24 
2.93 
3.67 
3.15 
2.15 
2.78 
2.04 
2.61 



liingen. 



Temp. 



32.18 
33.86 
89.38 
47.78 
57.18 
64.67 
68.70 
65.19 
5&71 
52.82 
40.82 
84.77 



Bain- 
faU. 



1.84 
.95 
1.41 
1.39 
8.32 
2.60 
4.61 
8.58 
1.19 
1.99 
2.40 
1.63 



Loningen. 



Temp. 



82.11 
83.81 
88.73 
43.75 
67.40 
64.60 
66. 63 
65.01 
58.42 
52.57 
40.56 
34.14 



Bain- 
fall. 



2.14 

.16 

1.08 

1.51 



4.28 
2.00 
.73 
8.85 
1.86 



January .. 
February . 
March.... 

April 

May 

June 

July 

August... 
September 
October... 
'November 
December 



Giitersloh. 



Temp. 



31.54 
84.25 
41.05 
49.71 
58.28 
64.60 
66.54 
66.30 
60.15 
52.02 
43.82 
88.40 



Bainfall. 



2.89 
1.66 
1.86 
1.93 
2.20 
2.73 
3.18 
2.95 
2.25 
2.64 
2.30 
2.28 



Paderbom. 



Temp. 



82.31 
88.33 
40.44 
49.65 
57.30 
64.90 
66.90 
66.02 
60.17 
64.08 
42.22 
88.64 



Bainfall. 



1.72 
1.59 
1.46 
1.92 
2.77 
3.21 
3.10 
3.60 
2.14 
2.23 
2.54 
2.24 



Miinster. 



Temp. 



38.33 
87.51 
39.00 
47.46 
55.87 
60.06 
63.25 
62.51 
57.85 
50.02 
42.64 
87.00 



Bain- 
faU. 



2.41 
1.63 
1.00 
2.36 
3.41 
3.40 
2.57 
2.70 
2.00 
8.44 
2.01 
2.35 



Salznfl&n. 



Temp. 



31.82 
88.80 
44.20 
51.17 
50.32 
65.57 
68.06 
66.00 
61.52 
53.25 
43.57 
41.03 



Rain&ai. 



1.68 
2.80 
1.35 
1.71 
1.01 
2.58 
1.75 
2.62 
2.21 
2.10 
1.03 
L56 
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Table thowhtg the manik^f averagee of temperature and raktfdUf /«. — Ccmtinned. 

AUSTBIA. 



• 

Months. 


Kiemsmnnster. 


Lins. 


Gresten. 


Melk. 


Koznenbnrg. 


Temp. 


Bain- 


Temp. 


Rain- 
fUl. 


Temp. 


Rain- 
fall. 


Temp. 


Rain- 
fall. 


Temp. 


Bain, 
fall. 


tTfiniiarv .....^^^^.r-.--.-.-, 


26.28 
2&49 
36.91 
47.17 
53.31 
61.03 
64.40 
63.28 
56.48 
4&78 
87.02 
8a20 


.92 

.91 

1.02 

1.06 

1.43 

2.15 

2.28 

2.08 

1.25 

L14 

.95 

.96 


8L21 
82.14 
88.69 
50.16 
60.69 
67.62 
70.75 
69.00 
61.12 
53.35 
39.45 
88.50 


.60 

LOl 

.43 

.76 

1.06 

1.69 

1.55 

L19 

.36 

.77 

.54 

.56 


28.67 
29.68 
37.67 
51.10 
60.73 
66.94 
66.47 
66.66 
59.34 
53.35 
82.11 
29.68 


.58 

.50 

1.69 

4.71 

3.66 

L88 

.33 

.35 


31.64 
31.38 
39.45 
53.27 
61.07 
70.32 
69.85 
69.64 
61.93 
55.47 
84.02 
82.25 


.22 
.26 
.05 


32.05 
82.47 
40.82 
52.14 
60.51 
69.55 
68.29 
69.58 
59.61 
50.45 
89.38 
32.41 


.44 


"Fftbrnarv ............-.--^-, 


.39 


March 


.19 


April 


.28 


M^v 


.93 
1.85 
2.59 
.70 
.06 
.24 


.93 


JUnft Tr... T-T-- 


1.43 


Jnly 


1.67 


Aninist 


1.21 


SeDtember 




October 


.76 


XToTember .. ........... 


.60 


December 




.48 








Months. 


Kahlenberg. 


Wien. 


Briinn. 


Oderberg. 


Temp. 


Bain- 


Temp. 


Rain- 
fall. 


Temp. 


Rain- 


Temp. 


Rain- 
fnll. 




27.50 
32.05 
83.93 
50.61 
58.80 
67.75 
66.88 
70.50 
57.20 
54.57 
38.82 
30.02 


.82 

.38 

.26 

.24 

1.57 

1.28 

3.03 

.55 

.29 

1.00 

.63 

.90 


82.41 
35.36 
43.30 
53.99 
64.02 
69.69 
72.98 
72.10 
61.70 
54.17 
43.30 
82.53 


.53 
.45 
.42 
.54 
.73 
L09 
.86 
.97 
.60 
.62 
.53 
.44 


20.19 
34.99 
89.49 
55.99 
63.50 
61.25 
66.76 
72.50 
68.74 
50.74 
41.00 
30.65 


.50 

.44 

.45 

.49 

L02 

L05 

. o9 

1.03 

.61 

.65 

.70 

.37 


31.71 
29.55 
32.72 
47.91 
58.60 
64.41 
67.89 
66.72 
58.58 
53.87 
82.47 
21L82 


.49 


!Febniarv .................. 


.55 


Mfl-fch -,.-T 


.62 


April 


.47 


May 

June. ...................... 


1.28 
1.75 


July 


1.48 




2.22 


Ser^mber ................. 


.36 




.61 


l^ovember 


L69 




.4!L 










1 
















' 



GALICIA. 



Months. 


Czemowitz. 


Jalso. 


Stanislan. 


Lemberg. 


Temp. 


Bain- 
falL 


Temp. 


Bain- 
&11. 


Temp. 


Bain- 
&11. 


Temp. 


Bain- 
iaiXL 


.Tftiinarv 


27.31 
24.79 
32.23 
49.37 
61.77 
67.37 
70.09 
68.48 
57.22 
54.79 
34.61 
29.56 


.89 
1.39 
1.42 
2.20 
2.03 
4.56 
5.01 
2.80 
L15 
1.31 
1.70 
1.03 


27.37 
25w09 
82.23 
49.82 
59.18 
68.23 
68.48 
67.53 
58.75 
57.23 
32. 11 
29.52 


2.33 
1.54 
1.40 
L94 
3.55 
2.33 
a 80 
L92 
2.36 
1.63 
.59 
L20 


22.78 
27.35 
31. M 
48.32 
60.15 
66.59 
68.50 
68.32 
57.81 
50.79 
39.02 
27.27 


.84 
.96 
L27 
L72 
2.90 
3.34 
3.87 
3.37 
2.45 
2.12 
1.44 
LU 


24.33 
27.39 
32.17 
47.48 
5a 75 
64.52 
67:49 
66.49 
59.27 
50; 57 
38.64 
27.34 


L20 


Febrnarv .................. 


1.13 


March .................. 


1.56 


Anril 


1.73 


Mav 


3.41 


Jnne....... ................ 


3.93 


Jnlv 


3.43 


^nmiflt ......•••••••.••..•• 


3.01 


Seinember ................. 


1.64 


October .................... 


1.55 


HoTember 


L47 


December . .,^---, .-r-r ■,■,-, 


1.53 







Months. 


Bzeoow. 


Saybush. 


Wadovice. 


Krakau. 


Temp. 


Bain- 
fflll. 


Temp. 


Rain- 
fall. 


Temp. 


Rain- 
fall. 


Temp. 


Rflin- 
fall. 


■TfliTinArv 


29.52 
25.05 
32.23 
48.25 
59.96 
63.84 
69.00 
68.20 
59.88 
56.87 
32.90 
27.28 


1.38 
1.79 

.94 
2.29 
2.55 
2.83 
3.95 
3.74 
2.63 
1.40 

.79 
1.57 




1.28 
2.17 
2.13 
1.82 
2.81 
4.26 
a 45 
5.58 
2.02 
1.06 
1.59 
.71 


25.12 
27.30 
41.10 
48.38 
57.52 
64.34 
61.72 
61.25 
69.79 
52.00 
32.13 
29.62 


1.55 
1.17 
1.89 
2.15 
3.68 
5.26 
4.13 
2.38 
4.08 
3.57 
1.92 
L82 


25.02 
29.06 
88.28 
50.01 
61.23 
67.58 
68.50 
6a 05 
60.64 
51.90 
39.59 
29.09 


. 86 


Febmarv 




1.25 


March 




1.15 


April 




.84 


Mav 




1.34 


Jlin«r rr 




2.51 


Julv 




3.02 


Angxiflt 




2.25 


Sontember 




1.73 


October 




1.36 


2f ovember ................. 




L30 


December. ................. 




L20 
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Jhhle shmeing the monthly a/wrageB of temperature and ralnfdUf ^e, — ContHiaecL 

SAXONY, SILBSIA, Sco. 



Hontha. 



Jannarj .. 
February . 
ILKTCh .... 

April 

May 

June 

July 

August . . . 
September 
October . . . 
Nayexnber 
December. 



Freiberg. 



Temp. 



27.28 
31.67 
88.48 
43.63 
52.61 
62.42 
65.19 
63.65 
56.35 
48.42 
87.67 
3L08 



Bain. 

fklL 



1.58 
1.15 
L68 
L68 
2.73 
2.88 
3.61 
2.14 
2.32 
L83 
L83 
L76 



Dreeden. 



Temp. 



29.19 
83.31 
39.92 
46.60 
6a33 
65.17 
67.48 
65.36 
68.26 
60.05 
88.84 
33.69 



Baiu- 
folL 



L48 
.63 
L47 
1.31 
L75 
2.75 
3.12 
2.29 
2.00 
1.09 
1.48 
L66 



Altenberg. 



Temp. 



23.85 
29.48 
3^22 
43.48 
64.28 
68.73 
61.03 
6&74 
62.84 
40.15 
3a 65 
28.96 



Rain. 
faU. 



1.69 
.60 
L67 
1.68 
1.88 
a87 
4.70 
4.03 
a 47 
1.40 
2.18 
2.85 



Ober-Wiesen- 
thaL 



Temp. 



2^35 
80.69 
83.58 
41.90 
61.13 
67.58 
5a 96 
5a 87 
62.75 
45.12 
33.76 
2a 62 



Bain- 
falL 



1.92 
1.24 
a 08 
a 39 
L86 
a92 
a 17 

a 79 
a30 

1.46 
2.83 

a 77 



Zittao. 



Temp. 



2^83 
80.29 
8a47 
45.88 
6a 93 
61.05 
62.92 
60.91 
66.53 
4a 29 

saoi 

80.51 



Bain* 

falL 



a 05 
1.27 
1.51 
1.67 
a 15 

ao6 
an 
a 74 

1.74 
1.28 
L51 
2.05 



Months. 


Gorlitz. 


Landeskrone. 


Sagan. 


Zechen. 


Zapplan. 


Temp. 


Bain- 


Temp. 


Bain- 
falL 


Temp. 


Bain- 
fall. 


Temp. 


Bain- 
£ftlL 


Temp. 


Bain- 
faU. 


Jannarv 


12.69 
21.42 
3a 64 
43.07 
55.15 
6L21 
63.21 
6a 33 
6a 28 
45.10 
3a 60 
2a 59 


L33 
a 14 
L36 
1.92 
a60 

ao7 
a69 
a66 
a43 

1.75 

a 25 

L49 


2a 73 
27.70 
85.94 
4a 07 
6a 06 
6a 69 
65.73 
63.25 
6a 01 
47.23 
3a 91 
2a 98 


.91 

.98 

.48 

.84 

2.80 

a80 

a 22 

8.69 

.97 

.53 

a 02 

LOl 


2a 41 
26.71 
3a 83 
45.66 
65.24 
6a 43 
65.08 
64.85 
67.11 
47.82 

3a26 

2a 55 


L04 
1.22 
L07 
.98 
1.06 
1.95 
a 31 
L94 
1.22 
L52 
1.20 
1.31 


27.42 
29.57 
81.69 
4a 23 
6a 23 
65.48 
67.75 
63.93 
68.75 
51.83 
4a 37 
2a 83 


1.28 
1.73 
L55 
L40 
1.97 
a 37 
a 79 
a 92 
L41 
1.89 

an 

L43 


31.44 
35.88 
3a 75 
4a 44 
65.06 
6a 94 

6a 00 

66.88 
6a 38 
53.38 
43.25 
38.46 


LIO 


February 

Karcb 


.87 
1.19 


April 


L68 


May 


a50 


•Tnne 


3.50 


July 


a 62 


Aumist 


a 57 


S^^pt^inber -,^^,,-,,,^.rrrr. 


1.44 


October 


1.22 


ITovember ................. 


L55 


Dfwember r, ........ 


LOO 







Months. 



January ... 
February . , 

March 

April 

May 

June 

July , 

August 

September . 

October 

November . 
December.. 



Breslan. 



Temp. 



27.34 
3L89 
3a 35 
45.93 
5a 98 
61.70 
67.75 
6a 07 
69.97 
61.10 
4a 89 
3L31 



Bain- 
falL 



.72 

.57 

.74 

.98 

1.31 

a 12 

1.83 

L65 

1.30 

.06 

.88 

.88 



Nenrode. 



Temp. 



2a 12 
27.06 
3L81 
43i48 
6a 74 
6L43 
64.05 
6L07 
67.27 
4a 36 
34.77 
2a 64 



Bain- 
fall. 



1.79 
.96 
1.41 
a57 
a 77 
4.82 
4.06 
a 63 
1.98 
1.82 
a 18 
a 18 



Temp. 



27.06 
31.08 
34.75 
4a 68 
5a 46 
67.37 
6a 74 
67.30 
5a 88 
53.33 
36.50 
3a 16 



Bain- 
fall. 



.72 
1.39 
1.39 
L37 
1.97 
a 35 

a 88 

5.06 
LOS 

a 03 

L70 
.91 



Neisse. 



Temp. 



27.24 

8L87 
8a07 
60. 4S 
69.48 
66.25 
6a 46 
67.58 
6L03 
5a 52 
4a 53 
3a69 



Bain- 
faU. 



.76 
.52 
L17 
a37 
L96 
a 57 
a 93 

a 76 
a 17 

L59 

L46 

.91 



Leobsohiig. 



Temp. 



26.69 
3L87 
3a 09 
4a 47 
69.07 
6L66 
67.56 
66.97 
5a 72 
6L24 
4L23 
3L31 



Bain- 
falL 



L38 
. w 
L67 
L90 
a 50 
a 46 

a 60 
a 25 
a 20 

LOS 
L50 
L49 



Months. 



January .. 
February . 
March .... 
April. ^.... 
May.i.... 

June 

July 

August . . . 
September 
October .. 
November 
December. 



Batisbon. 



Temp. 



24.56 
29.29 
3a23 
4a 68 
6a 80 
63.86 
68.20 
67.65 
68.37 
6a 35 
34.02 
2a 81 



Bain- 
faU. 



L04 
L34 
L35 
L17 
a45 

a 19 
a 09 
a99 
a 02 

L56 
L92 
L26 



Krenzbnrg. 



Temp. 



27.27 
29.52 
3a 57 
45.91 
68.94 
6a 59 
67.84 
6a 52 
59.50 
48.22 
4a 89 
3L84 



Bain- 
faU. 



L67 
L04 
L70 
L43 
a 62 
a 12 
a34 

a 42 
a 20 
a 15 

L37 
L59 



Posen. 



Temp. 



Bain- 
falL 



27.28 
29.06 
3L18 
4a 32 
5a 35 
6a 72 
6a 65 
67.62 
5a 03 
6ai9 
3a 55 
8L84 



L40 
L31 
.97 
L13 
L36 
a94 
a 70 

a 51 

L74 
L56 
L84 
L07 



Wamehan. 



Tempk 



Bain- 



L12 
L03 
L49 
L27 
1.73 
a29 
a54 
a 58 
LOS 

a 64 

L02 
L20 
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Table Showing the moniAly atferagee of tenyperahire and nUftfdllf ^.--<?oiitinned. 

BAYABIA. 



MonUiB. 



January 

Febroaiy 

Harch 

April 

May 

June A 

July — 

August 

September 

October 

November 

Decembcn: 



Andex. 



Temp. 



29.37 
31.82 
88.03 
48.04 
58.96 
65.08 
67.71 
66.00 
60.80 
48.92 
87.18 
29.73 



"Rainfall. 



L18 

.66 

L03 

.94 

.94 

2.07 

1.61 

1.90 

.60 

.62 

.64 

.66 



Peiwienberg. 



Temp. 



28.24 
80.78 
8a 85 
48.21 
62.30 
55.92 
60.51 
60.26 
53.56 
44.61 
35.89 
8L12 



BainfalL 



.28 

.23 

.84 

.60 

1.16 

1.69 

1.69 

1.63 

L17 

.73 

.47 

.82 



Hiinchen. 



Temp. 



29.75 
83.28 
4L22 
60.43 
61.12 
66.62 
68.25 
67.60 
6L12 
62.78 
42.53 
88.53 



•Ridnfnll. 



.75 

.68 

.40 

1.36 

1.71 

2.:i6 

1.62 

2.08 

1.11 

1.59 

.89 

.40 



Months. 



January .. 
February . 

March 

April 

May 

June 

July 

August . . . 
September 
October... 
November 
December. 



Augsburg. 



Temp. 



BainfalL 



25.96 
80.76 
88.14 
48.02 
56l62 
61.21 
64.63 
63.43 
67.22 
47.12 
87.40 
81.57 



1.12 
.99 
1.08 
.83 
2.07 
1.88 
2.33 
1.87 
1.60 
Lll 
1.35 
1.04 



Begensburg. 



Temp. 



26.87 
8L60 
8a 12 
49.55 
69.11 
62.67 
65.95 
61.36 
5a 01 
47.91 
87.06 
29.66 



BainfalL 



.61 

.54 

.56 

.60 

.95 

L20 

1.35 

1.33 

.95 

.72 

.76 

.78 



Wurzburg. 



Temp. 



32.50 
34.68 
41.54 
62.26 
61.07 
66.81 
6a 29 
67.08 
61.23 
5L01 
89.47 

sasi 



KainfalL 



.66 
.7* 
.69 
.51 
.69 
.74 
. 56 
.56 
.58 
.43 
.82 
.41 



SHEINTHAL. 



Months. 


Gtoersdorf. 


Strassburg. 


Hagenam. 


Karlsruhe. 


Heidelberg. 


Temp. 


Bain- 
falL 


Temp. 


Bain- 
falL 


Temp. 


Bain- 
falL 


Temp. 


Bain- 
falL 


Temp. 


Bain- 
faU. 


January .................. 




2.75 
8.64 
8.20 
3.64 
2.66 
2.57 
8.90 
3.90 
2.93 
2.93 
2.75 
2.75 




L88 
L51 
L66 
L58 
3.02 
3.09 
a 32 
2.62 
2.71 
1.96 
2.21 
L57 


•••••••• 


2.24 
1.42 
L77 
L86 
2.00 
2.89 
L18 
a 39 
a 19 
L91 
a 49 
L24 





1.88 
L81 
L98 
L86 
2.48 
2.f6 
a 08 
2.67 
2.42 
2.08 
2.60 
2.48 


31. 62 
36.43 
43.77 
63.04 
6L03 
65.53 
6a 70 
66.88 
60.67 
61. 42 
4L68 
36.70 


1.68 


!February 




1.57 


Marcb - ,, ,^ ,,,, 




2.00 


April 




1.56 


May 




2.73 


Jnne , --, 




3.02 


July 




2:68 


Augast 




2.62 


Sen lember ................. 




2.31 


October 




2.15 


November 




2.62 


December 




2.17 








Mimths. 


Mttoheim. 


Gussen. 


Salzhausen. 


Neunkirohen. 


Kreuznaoh. 


Temp. 


Bain- 
fUl. 


Temp. 


Bain- 
falL 


Temp. 


Bain- 
fall. 


Temp. 


Bain- 
fall. 


Temp. 


Bain- 
falL 


January 


83.33 
35.60 
40.15 
60.70 
59. "H) 
67.21 
6a 81 
66.27 
61.77 
49.35 
8a 75 
31.91 


1.28 
1.27 
1.40 
1.90 
2.10 
2.51 
3.20 
2.73 
2.13 
L76 
1.53 
1.25 


30.16 
31.86 
38.69 
4a 02 
57.18 
64.63 
63.93 
64.02 
5a 82 
53.55 
3a 89 
8L86 


L89 
L40 
1.16 
1.81 
a 70 
a 44 
a 67 

a29 

1.19 

a 56 

L65 
2.18 


3L06 
31.87 
40.89 
4a 37 
5a 67 
6a 04 
67.82 
6a 45 
59.61 
50.16 
3a 93 
3a 57 


.98 
L06 

.30 

.68 
2.50 
4.28 
a 47 
4.69 

.43 
1.93 
L07 
2.75 


3L32 
32.13 
41.07 
50.30 
57.14 
65.42 
07.39 
6a 47 
59.27 
52.30 
38.78 
82.23 


2.42 
.79 
L36 
2.14 
a 46 
a 27 
2.92 
2.71 
i:76 
2.56 
L91 
L22 


32.92 
39.52 
4a 59 
52.05 
59.20 
67.30 
6a 89 
6a 72 
61.45 
53.99 
42.24 
37.67 


L54 


February 


.96 


Mftrnh -,,.„-,-. 


1.03 


April 

May - - - - . , 


1.62 
2.43 


June 


2.87 


July 


2.46 


A Ti£m<ft .................... 


2.38 


September 


1.46 


October 


1.47 


November 


1.68 


December 


1.10 
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Table ehowbig the m<mthly averages of temperature and rahrfaMy ^c— Continued. 

BHEDfTHAL. 



Months. 


Frankfort 


Boppard. 


Coblenz. 


Bonn. 


Temp. 


Bain, 
fall. 


Temp. 


Bain- 


Temp. 


Bain- 
falL 


Temp. 


Bain- 
fall. 


JftTrnwrv ,,,,,,-^,--Y-r 


81.46 
86.68 
41.54 
49.10 
57.74 
63.50 
66.07 
65.73 
59.41 
49.24 
40.96 
34.26 


.79 

.48 

.67 

1.30 

2.46 

2,79 

2.63 

1.46 

.93 

.95 

.98 

1.06 


32.72 
89.75 
42.67 
50.58 
67.88 
66.04 
67.84 
63.71 
67.18 
64.03 
43.26 
89L09 


L71 
1.64 
1.62 
2.79 
2.42 
2.73 
2.64 
8.18 
1.98 
2.17 
1.86 
2.15 


92.20 
39.81 
43.63 
62.72 
62.94 
68.63 
6a 00 
69.40 
63.68 
65.36 
46.56 
89.04 


2.76 
.72 
L68 
1.56 
2.06 
2.48 
2.61 
2.66 
2.37 
1.31 
L81 
L68 


82.94 
40.49 
40.98 
61.62 
58.60 
68.69 
68.70 
68.82 
61.93 
65.22 
43.75 
39.04 


1.80 


febiiiary .................. 


1.62 


Mju-ch.r .' 


1.71 


April --. ,,,---, , 


LOO 


May 


1.48 


June 


1.50 


July ...,-- 


2.71 


Anerast 


3.46 


September .-..-- 


2.11 


October..... 


2.43 


November t.^t....i- .- 


1.88 


December '. 


1.83 






Months. 


Frier. 


Coin. 


Grefeld. 


Cleye. 


Temp. 


Bahi- 
Ml. 


Temp. 


Bain- 
Ml. 


Temp. 


Bain- 
falL 


Temp. 


Bain- 
fall. 


Jannarv ................... 


32.61 
40.89 
44.04 
63.31 
61.95 
. 66.27 
69.40 
66.09 
61.95 
54.07 
44.13 
38.40 


1.71 
1.79 
L72 
1.36 
2.26 
2.23 
2.55 
2.68 
2.28 
2.08 
2.80 
2.30 


34.77 
40.60 
43.57 
61.98 
59.59 
66.75 
69.55 
68.52 
62.49 
55.22 
44.00 
34.46 


1.56 
1.50 
1.24 
2.44 
2.78 
2.84 
2.42 
2.73 
1.68 
2.24 
2.80 
L74 


32.54 
39.18 
42.17 
60.84 
58.80 
66.45 
68.84 
67.42 
6L07 
63.78 
42.50 
39.27 


1.96 
2.27 
1.27 
2.76 
2.21 
2.48 
2.48 
3.27 
1.43 
2.70 
2.24 
2.56 


32.20 
39.43 
42.13 
49.42 
67.36 
64.43 
66.90 
66.21 
60.53 
53.38 
42.83 
39.59 


2.65 


rebmaiy 


2.29 


March 


1.56 


A "nril r...,r 


2.29 


May w 


2.84 


Jtme 


2.00 


Jnlv 


2.87 


A-Uinist 


8.30 


September 


1.97 


October..... 


8.02 


2!^ ovember ................> 


2.37 


December 


2.83 








Months. 


Aachen. 


Elberfeld. 


Dusseldort: 


Miihlhi 


rasen. 


Temp. 


Bain- 
tall. 


Temp. 


Bain- 
falL 


Temp. 


Bain- 
faU. 


Temp. 


Bain- 
fall. 


.TftTiTifl.rv 


32.78 
49.90 
43.26 
61.15 
59.03 
65.48 
66.45 
66.30 
61.10 
53.20 
46.27 
39.54 


2.09 
2.03 
2.75 
2.76 
1.89 
LU 
2.65 
3.87 
2.32 
2.14 
2.30 
3.34 


33.60 
40.44 
43.23 
51.74 
56.93 
62.35 
65.37 
63.68 
59.52 
53.42 
45.98 
4L05 


1.76 
1.84 
1.71 
2.04 
2.36 
2.54 
2.15 
2.11 
2.32 
3.35 
1.84 
2.39 


35.06 
39.09 
44.24 
62.16 
60.24 
64.65 
66.54 
65.66 
60.42 
52.00 
44.04 
37.04 


1.97 
1.33 
2.71 
L06 
1.93 
2.74 
2.34 
2.48 
2.70 
1.70 
1.54 
2.09 


14.02 
21.22 
36.97 
40.75 
61.06 
60.42 
61.05 
64.54 
53.06 
48,72 
30.85 
34.57 


2.63 


Febmarv 


1.99 


March ^ 

April ..-,r T T .. 


2.02 
2.36 


May 


2.74 


(Tane. 


8.19 


July 


2.50 


AxifirnRt .................... 


2.50 


Sei>tembeT 


2.84 


October ................ 


2.77 


November ................. 


2.48 


December 


2.U 







THUBINGIA, ETC. 



Months. 



Jannary ... 
February., 

March 

April 

May 

June 

July 

Angast.... 
September 

October 

November , 
December 



ZiegenriLok. 



Temp. 



33.14 
31.08 
38.53 
47.08 
65.02 
63.57 
64.52 
64.29 
56.85 
50.52 
38.59 
31.37 



Bain- 
fall. 



.95 
1.49 
1.12 
2.11 
2.98 
3.55 
3.28 
3.73 
2.30 
1.53 
1.39 
1.19 



Amstadt. 



Temp. 



30.36 
30.22 
39.02 
49.57 
57.49 
63.12 
67.03 
65.53 
58.33 
49.75 
38.30 
84.18 



Bain- 
fall. 



1.31 
.93 
1.19 
1.54 
2.41 
2.67 
2.47 
1.31 
1.72 
1.33 
1.40 
1.17 



Jena. 



Temp. 



32.00 
35.35 
38.53 
60.70 
69.38 
64.40 
66.94 
63.57 
68.57 
49.87 
41.45 
33.56 



Bain- 
falL 



Erfurt 



Temp. 



1.37 
1.09 
1.49 
1.80 
2.52 
2.77 
2.87 
2.53 
2.01 
1.67 
1.57 
L27 



29.39 
33.55 
87.74 
47.08 
57.79 
64.06 
67.03 
65.48 
60.69 
47.39 
38.95 
30.45 



Bain- 
faU. 



.72 
1.20 
1.17 
2.38 
2.51 
2.77 
2.60 
1.86 
1.64 
2.11 
1.23 

.86 
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Table showing ike numUUy averages 4^f temperature and rainfall, ^e. — Continued. 

THUBINGIA, ETC. 



Monthi. 



Jannary .. 
February . 

March 

April 

May 

June 

July 

August... 
September 
October .. 
ITovember 
December 



Gotha. 


Hnhlhaoflan. 


Heiligenstadt. 


Ballinfl 


Tmnp. 


Bain- 
fall. 


Temp. 


Rain- 
fUL 


TMnp. 


Rain- 
fftU. 


Temp. 


24.73 


1.20 


14.02 


.79 


80.00 


1.30 


8L87 


81.26 


1.68 


21.22 


1.20 


32.19 


1.66 


82.16 


88.91 


1.24 


86.97 


1.02 


39.70 


L51 


39.75 


48.22 


2.18 


40.75 


LOO 


48.76 


2.39 


60.03 


68.24 


2.11 


61.06 


1.95 


56.08 


2.35 


58.84 


64.83 


2.99 


60.42 


2.66 


63.73 


2.95 


64.00 


60 82 


a 32 


61.05 


L85 


70.48 


8.11 


68.41 


65.98 


8.39 


64.54 


1.95 


66.66 


8.55 


68.16 


69.16 


2.12 


63.96 


1.18 


67.83 


2.33 


60.81 


50.65 


2.66 


4&72 


L43 


51.96 


2.94 


50.41 


37.51 


L34 


39.85 


.96 


39.52 


L71 


40.37 


81. U 


L34 


84.57 


L53 


82.11 


L58 


82.23 



Rain- 



2.20 
2.52 
1.73 
3.19 
3.87 
6.90 
4.32 
2.98 
2.71 
2.60 
3.38 
2.60 



Months. 



January .. 
February . 

MiU'ch 

April 

May 

June 

July 

August . . . 
September 
October. . . 
November 
December 



Brooken. 



Temp. 



9.03 
17.49 
26.49 
28.42 
41.27 
47.53 
50.29 
45.07 
46.76 
37.92 
27.59 
24.93 



Rain- 
faU. 



2.60 
4.23 
2.88 
2.33 
8.67 
5.50 
7.41 
a62 
6.24 
6.63 
a86 
3.54 



Braunschweig. 



Temp. 



8L20 
32.46 
89.13 
48.20 
60 13 
66.85 
69.22 
67.91 
61.57 
63.87 
43.59 
.88.69 



Rain- 
fall 



L70 
2.29 
2.68 
2.16 
1.68 
1.99 
2.84 
2.34 
1.36 
2.35 
1.59 
1.57 



ClausthaL 



T«mp. 



80.49 
31.89 
3L12 
43.37 
52.28 
69.32 
62.78 
64.00 
55.50 
50.84 
38.05 
32.79 



Rain- 
falL 



8.74 
8.45 
8.37 
a45 
3. 66 
4.90 
7.62 
6.70 
2.02 
3.95 
7.24 
8.45 



Gottingen. 



Temp. 



88.51 
40.87 
50.99 
64.29 
72.82 
75.54 
73.49 
65.82 
63.02 
4Q.12 
35.47 
82.46 



Rain- 
fall 



1.28 
1.74 
1.66 
1.86 
L44 
2.57 
3.28 
3.64 
2.89 
2.05 
2.20 
L85 



Months. 



January .. 
February . 
March .... 

April 

:May 

June 

July 

August . . . 
September 
October . . - 
November 
December 



Hannover. 


Hildesheira. 


Temp. 


Rain- 
falL 


Temp. 


Rain- 
fall. 


81.89 
88.80 
40.94 
48.77 
67.59 
66.70 
67.53 
66.88 
60.62 
63.20 
4L01 
88.48 


1.13 

.86 

.97 

3.28 

2.44 

8.65 

4.61 

2.34 

.92 

1.74 

2.17 

8.09 


82.00 
81.89 
40.94 
43.68 
66.03 
66.18 
66.52 
66.72 
60.25 
64.32 
38.62 
89.25 


Lll 
1.96 

.22 
2.35 
8 04 
2.29 
2.84 
2.20 

.19 
L70 
1.79 
L12 



Bremen. 



Temp. 



Rain- 
fall. 



29.58 
34.12 
89.14 
46.27 
65.93 
61.94 
64.62 
63.33 
67.70 
60.13 
80.13 
35.61 



1.80 
1.53 
2.18 
1.33 
1.62 
2.24 
2.97 
2.10 
1.88 
2.09 
2.01 
2.36 



Oldenberg. 



Temp. 



31.54 
32.16 
38.40 
46.05 
55.90 
63.80 
64.56 
63.55 
67.70 
46.27 
89.47 
82.13 



Rain- 
£b1L 



L42 

.25 

L54 

1.44 



.60 
3.65 
2.85 



Months. 



January .. 
February . 

March 

April 

May 

June 

July 

August . . . 
September 
October... 
November 
December. 



Jever, 



Temp. 



31.82 
33.10 
38 41 
44.80 
64.57 
66.12 
64.24 
63.66 
68.78 
49.93 
39.79 
36.48 



Rain- 
falL 



2.07 

.33 

1.97 

2.19 



2.83 

.44 

4.17 

2.79 



Torgau. 



Temp. 



80.05 
32.30 
89.77 
49.37 
68.60 
66.68 
69.13 
67.67 
60.19 
53.35 
36c 91 
32.18 



Rain- 
faU. 



1.17 
1.04 
1.15 
1.91 
2.99 
8.30 
2.49 
1.47 
L80 
1.71 
2.03 
L54 



Halle. 



Temp. 



26.89 
31.32 
89.65 
47.17 
55.69 
61.32 
66.61 
62.85 
68.57 
48.40 
87.55 
36.80 



Rain- 
falL 



.84 
L32 

.91 
1.33 
2.74 
3.93 
2.66 
1.55 
1.74 
1.20 
1.18 
LOS 



SalzwedeL 



Temp. 



8L84 
32.18 
36.93 
48.61 
67.40 
65.28 
67.42 
66.42 
59.29 
52.50 
39.85 
32.16 



Rain- 
faU. 



L46 
L86 
L29 
L49 
L98 
3.24 
2.44 
2.46 
2.00 
2.18 
L80 
L21 
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Ikihle akounng ike monihlff averages of temperaUtre and rainfaU, ^c. — Continued. 

THUHINGIA, XTC. 



Months. 


Liinebarg. 


Altona. 


Hamburg. 


Ottemdorf. 


Trnnp. 


Kaln- 
fUl. 


Temp. 


Bain- 
Ikll. 


Temp. 


Bain- 
faU. 


Temp. 


Bain- 
fiiU. 


Jffinnttpv 


81.26 
35.31 
39.85 
47.62 
55.92 
6L88 
64.38 
62.87 
57.07 
47.39 
4L14 
84.57 


L29 
.92 
.82 
1.48 
2.79 
3.07 
3.59 
8.03 
2.29 
2.15 
1.62 
2.19 


34.23 
37.90 
41.26 
62.27 
60.31 
67.42 
70.34 
70.43 
63.18 
63.51 
42.91 
39.29 


1.32 

"'l50' 
1.33 
2.93 
2.94 


30.00 
34.41 
88.05 
46.72 
66.84 
62.15 
64.63 
64.38 
67.18 
48.07 
40.24 
33.76 


"".'91- 
1.25 
1.67 
2.11 
2.30 
3.28 
1.36 
2.96 
4.78 


3L87 
37.67 
39.97 
47.08 
52.59 
63.10 
65.08 
65.95 
60.10 
52.75 
40.82 
37.67 


1 no 


FebmiKry .................. 


1.20 


MfUTfll .......... .....T-r--r- 


1.03 


April 


1 52 


May 


8.59 


Jnne ....l-.".*«r.-r-r T-- 


2.19 


JlilV ....................... 


2.00 


^ii£niAt .•.«.•••••*.•••••••. 


5.61 


SeDtember 


1.45 


October .................... 


2.54 


November ................. 


2.04 


DAcembAr ............... 


1.71 






Months. 


!Frankfort-am- 
Oder. 


Berlin. 


Potsdam. 


Fessin. 


Temp. 


Bain- 
faU. 


Temp. 


Bain- 


Temp. 


Bain- 


Temp. 


Bain- 
fall. 


tTaniiaTV 


8L46 
86.68 
4L54 
49.10 
67.74 
63.50 
66.07 
65.73 
69.41 
49.24 
40.96 
34.25 


1.20 
1.44 
1.23 
1.68 
2.18 
3.00 
2.72 
7.48 
1.39 
1.30 
1.87 
1.39 


27.20 
81.66 
38.17 
47.48 
56.57 
63.37 
65.84 
64.47 
68.44 
49.93 
89.31 
34.97 


1.34 
1.37 
L25 
L30 
1.97 
2.77 
2.54 
1.92 
1.81 
1.38 
1.42 
L71 


32.95 
32.46 
40.35 
49.96 
55.50 
66.72 
68.65 
67.74 
59. 70 
51.02 
41.29 
32.19 


.91 
1.31 

.81 
1.41 
1.88 
2.00 
1.16 
2.05 
1.19 
1.32 
L22 

.87 




2.15 


TebrnMy 




1.15 


MftT^h ..................... 




1.52 






1.28 


May 




1.90 






2.19 


July , 




2.35 






L89 


September 




1.71 




1.21 


liTovember •.... 




2.13 






2.00 








Months* 


Wittslock. 


Frenzlaa. 


Lnbbenow. 


Schwedt. 


Temp. 


Bain- 
fall. 


Temp. 


Bain- 
fall. 


Temp. 


Bain- 
fall. 


Temp. 


Bain- 
ML 


tTaniiArv t » 




1.45 
1.10 

.64 
1.89 
1.73 
2.32 
1.68 
4.74 
1.45 

.50 
2.07 
1.03 


S3. 95 
85.76 
38.34 
45.40 
67.58 
63.54 
66.31 
65.14 
68.77 
49.28 
37.40 
36.70 


.66 

.58 

.16 

1.13 

1.58 

2.92 

1.50 

4.00 

.69 

.32 

.74 

.63 




.82 

.97 

.33 

1.44 

1.76 

2.17 

2.79 

4.69 

L05 

.64 

.80 

.87 




.71 


Tebrnarv .................. 








.17 


Mflirb ....--TTrr.. ......... 








.31 


April 








2.30 


May 








2.27 


tTnne. ...................... 








5.16 


July 








2.00 


Angast 








2.65 


SepiembeT. ..•••. 








1.82 


October 










November 










December. . ................ 








L12 












Months. 


Boitzenbnrg. 


Hagenow. 


Schwerin. 


Poel. 


Temp. 


Bain. 
£dl. 


Temp. 


Bain. 
Ml. 


Temp. 


Bain- 
faU. 


Temp. 


Bain- 
falL 


JftPTIftTV 




1.15 
1.50 

.47 
1.94 
2.07 
2.57 
2.75 
4.45 
L55 

.59 
1.74 
L38 




1.50 
1.33 
L06 
.96 
4.16 
1.95 
5.98 
2.78 
1.33 
1,78 
1.83 
2.23 


31.58 
32.17 
39.90 
47.80 
67.32 
65.42 
67.58 
66.92 
69.79 
62.82 
40.78 
32.46 


1.67 
L33 
1.54 
L53 
L92 
-> 2.29 
2.84 
2.90 
1.85 
1.64 
1.47 
1.92 


31.17 
32.69 
39.49 
46.90 
65.63 
62.65 
65.95 
66.18 
6(».13 
62.77 
4L01 
32.36 


1.04 


Febmarv 






.69 


Mftl'Ch r-.,,,,rrr.^-,,...T..,. 






.63 








1.03 


May 






1.32 








L59 


July 






2.64 








2.42 


^nihAmbMr 






L79 








1.11 


M^ovember 






1.01 








L19 
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Tdbie showing the fMwthly averages of i'smperatwre and m^^fall, ^o.— Oontinned. 

THUROTGIA, ETC. 



Monttis. 



Jannary . . 
February . 
llarch .... 

April 

May 

June 

July 

AUKUSt ... 
September 
October... 
November 
Becember . 



Liibeck. 



Temp. 



29.52 
8L87 
89.27 
48.83 
56.73 
63.40 
66.09 
66.32 
69.50 
51.83 
42.00 
32.70 



Bain- 
jblL 



.03 

.97 
1.00 
1.16 
L49 
2.46 
2.66 
2.38 
1.90 
2.61 
1.43 
LOO 



SchSnberg. 



Temp. 



23.00 
30.13 
29.93 
43.59 
50.36 
61.82 
63.98 
63.60 
56.35 
48.07 
82.23 
32.25 



Rain- 
fUL 



1.71 
1.32 
1.54 
1.64 
2.25 
2.60 
3.48 
2.56 
1.41 
1.84 
L25 
L77 



Batin. 



Temp. 



8L34 
81.87 
39.27 
48.45 
66.71 
64.47 
66.59 
66.27 
69.72 
61. 4U 
39.66 
32.96 



Bain- 
fall. 



1.96 

.53 

1.76 

1.49 



4.92 
1.96 
1.87 
2.46 
2.87 



Neustadt. 



Temp. 



27.70 
80.29 
39.61 
49.80 
56.12 
60.76 
64.02 
64.38 
58.64 
4&52 
87.40 
34.39 



Rain- 
faU. 



L47 



2.26 

.60 

2.25 

2.63 



Months. 



January . . . 
February.. 

March. 

April 

May 

June 

July 

August.... 
September 
October.... 
November . 
I>ecember . 



Neumiinster. 



Temp. 



31.89 
82.70 
39. 21 
47.55 
56.10 
63.32 
66.02 
65.08 
58.44 
50.91 
88.57 
32.11 



Rain- 
£UL 



2.02 



2.25 

.36 

3.19 

2.77 



KeiL 



Temp. 



31.10 
34.70 
36.84 
4&70 
56.67 
63.91 
66.16 
66.16 
69.91 
53.13 
4L16 
34.68 



Rain- 

fiEJL 



2.11 
1.54 
1.19 
L27 
1.89 
2.47 
2.04 
2.47 
L89 
1.91 
L62 
2.05 



Goldberg. 



Temp. 



3L69 
31.85 
88.46 
47.64 
67.77 
65.76 
67.33 
66.97 
60.24 
62.99 
8ai4 
32.70 



Rain- 
falL 



.85 

.76 

.56 

1.48 

1.75 

1.99 

3.43 

2.95 

L57 

1,52 

.94 

2.37 



Rostock. 



Temp. 



30.20 
32.90 
40.26 
47.69 
57.00 
64.67 
67.60 
67.33 
60.64 
52.66 
40.82 
84.75 



Rain- 
faXL 



1.37 
1.00 
.65 
1.65 
LOS 
L30 
2.71 
2.85 
2.31 
L85 
LOG 
L68 



Months. 



January . . 
February . 

March 

April 

May 

June 

July 

Aueust . . . 
Sep^mber 
October . . . 
November 
December. 



Sillz. 



Temp. 



29.60 
32.62 
39. 72 
47.87 
56.64 
63.28 
65.78 
65.12 
59.39 
5L69 
39.13 
32.96 



Rain- 
faU. 



L40 

.24 

L21 

2.29 



2.43 
4.24 
2.87 
L29 
L57 
L67 



Wustrow. 



Temp. 



2a 80 
8L77 
38.53 
45.51 
54.75 
63.15 
66.45 
66.68 
60.51 
53.16 
4L52 
33.41 



Rain- 
falL 



LIO 

.47 

.37 

L82 

L33 

L94 

L70 

L88 

L56 

L17 

.74 

.87 



Stralsnnd. 



Temp. 



2^24 
29.48 
35.44 
45.40 
54.61 
6L88 
63.93 
62.37 
57.33 
60.77 
38.70 
34.21 



Rain- 
faU. 



L56 
L02 
L18 
L84 
LSI 
2.39 
L73 
2.12 
2.65 
2.80 
2.34 
2.49 



Pntbns. 



Temp. 



29.37 
3L89 
38.87 
46.16 
55.22 
63.98 
66.75 
66.65 
59.86 
62.43 
40.89 
84.24 



Rain- 
falL 



1.35 
.72 
.92 
1.26 
1.47 
3.04 
2.68 

aeo 

L99 
1.46 

1.27 
8.09 



Months. 



Stettin* 



January . . 
February . 
March . . . . 

April 

May ...... 

June 

July 

August ... 
September 
October... 
November 
December. 



Temp. 



29.34 
82.11 
88.57 
42.96 
58.82 
63.79 
66.34 
64.24 
60.15 
49.30 
40.24 
35.29 



Rain- 
faU. 



L08 
L23 
.93 
L44 
L84 
2.68 
L99 
3.08 
L42 
L45 
L62 
L27 



Hinrichshagen. 



Temp. 



3L12 
3L31 
33.57 
45.77 
55.20 
63.34 
65.35 
65.10 
54.93 
5L08 
38.64 
3L87 



Rain- 
falL 



L15 
L42 
L05 
L58 
L80 
2.20 
2.47 
2.96 
L76 
L08 
L90 
.99 



Golberg. 



Temp. 



29.12 
3L80 
34.75 
46.22 
60.05 
62.78 
66.88 
65.91 
59.25 
62.28 
40.89 
32.54 



Rain- 
fall. 



L46 
L04 
L03 
L35 
2.37 
5.83 
2.70 
2.87 
2.31 
2.46 
L79 
L53 



Coslin. 



Temp. 



2&22 
Zl. 82 
32.11 
45.62 
5L78 
63.46 
66.09 
65.46 
58.65 
5L55 
39,45 
3L54 



Rain- 
fall. 



L38 
L22 
.97 
L28 
2.09 
3.14 
2.30 
3.U0 
2.62 
2.62 
2.72 
1.65 



CULTUBE OF THE SUGAB BEET. 



49 



Table 8h<nnng the monthly averages of temperature and rainfall, fe, — Continued. 



Months. 


Yemdome. 


YenoUlfis. 




Bonen. 




Temp. 


Bain- 
fUL 


Tlainy 
days. 


Temp. 


JElain- 
falL 


Bainy 
days. 


Temp. 


Bain- 
falL 


Bainy 
days. 


tTayinaTy ^-■,- , ,,^- 




1.78 
.66 
L95 
L92 
3.09 
L47 
2.18 
1.85 
1.76 
1.81 
1.81 
L34 




34.48 
38.98 
87.85 
51.80 
59.45 
69.35 
65.75 
65.75 
67.88 
46.40 
36.50 
3&08 


i.74 
1.17 
L61 
2.48 
1.91 
1.46 
2.72 
2.20 
1.57 
2.36 
L62 
L46 




30.42 
35.83 
44.38 
60.68 
59.90 
63.50 
6&20 
66.75 
61.70 
62.26 
4L90 
36.05 


2.79 
2.62 
2.78 
3.24 
1.96 
2.81 
2.12 
3.62 
2:66 
3.13 
2.48 
a 20 




Pebrnary ^r. ,, .,-,..,. 






MftrCh ---r,r -r- -,-,,-r 






April .-.-. 






May 






Tnno .. ^-,^--^- 






JnlV ...T^r ,-r r rrrr.n--, 






Ansrast --- 




•••....a 


SeDt-em ber 






October 






November 






December 












Months. 


Chalons-Bnr>Mame. 


IiOns-le-Saii]nier. 


Pontarlier. 


Temp. 


Batoi- 
faSL 


Bainy 
days. 


Temp. 


Bahi- 


Bainy 
days. 


Temp. 


Bain- 
fall. 


Bainy 
days. 


tTflinil ftrV. ■r,.-r-.w^,^^. 




L31 
. .70 
1.16 
1.07 
1.40 
2.55 
1.28 

.88 
L96 

.84 
1.49 
L16 


7 

8 

11 

10 

10 

10 

8 

6 

8 

7 

13 
8 




2.49 
3.20 
2.66 
2.99 
3.02 
6.20 
3.33 
2.68 
3.92 
3.04 
2.93 
3.58 


10 

12 

14 

11 

9 

10 

10 

11 



9 

12 

13 


• 


2.78 
L76 
2.20 
3.65 
3.73 
4.60 
4.97 
3.90 
4.13 
3.60 
3.65 
4.79 


10 


£'ebraaiiy. 




12 


March 




11 






12 


May 




10 


June -,T-T -,.,,-,-^ 




15 


Jnlv ............ ...... . 




11 






10 


Sentember - 




9 






10 


November 




12 






13 









Months. 



tTannary... 
February. - 

March 

April 

May 

June 

July 

August 

September 
October . . . 
November. 
December . 



Berz6-la-Yi]le. 



Temp. 



Bain- 
faU. 



1.87 
2.12 
2.11 
2.57 
3.46 
2.95 
2.96 
3.51 
2.88 
2.88 
3.40 
2.47 



Bainy 
days. 



LePny, 



Temp. 



38.75 
41.63 
51.33 
55.27 
64.72 
71.49 
7L20 
74.71 
66.27 
56.35 
51.24 
89.67 



Bain- 
fan. 



1.25 
1.30 
2.02 
3.66 
1.25 
5.01 
2.49 
2.30 
3.74 
4.18 
1.56 
2.67 



Bainy 
days. 



4 
4 
4 
9 
9 

11 
3 
6 
8 
6 
4 

13 



Paris. 



Teinp. 



35.44 
39.54 
43.99 
49.78 
58.08 
62.74 
65.66 
65.35 
66; 17 
52.25 
44.17 
38.57 



Bain- 
falL 



1.49 
1.61 
1.08 
2.09 
2.86 
2.41 
2.32 
2.02 
1.98 
1.45 
1.84 
1.47 



Bainy 
days. 



1L8 

12.0 

13.0 

12.8 

13.8 

24.9' 

14.3 

10.6 

11.9. 

12.7 

13.9. 

14.7/ 



Months. 



January... 
February. . 

March 

April 

May 

June 

July 

August . . . 
September 
October . . . 
November. 
December . 



4SB 



Denainvilliers. 



Temp. 



34.93 
39.65 
41.90 
60.90 
59.23 
66.88 
69.35 
67.55 
61.48 
5L80 
42.13 
37.40 



Bain- 
falL 



L18 
1.06 
1.47 
1.48 
1.51 
2.51 
1.81 
1.68 
1.99 
1.30 
1.59 
1.33 



Bainy 
days. 



10 

10 

10 

11 

10 

10 

9 

9 

7 

8 

10 

11 



Montmorency. 



Temp. 



34.25 
38.98 
44.60 
49.33 
57.88 
63.50 
66.88 
68.00 
61.70 
52.93 
43.48 
40.10 



Bain- 
faU. 



1.02 
.58 
1.43 
2.69 
L92 
4.26 
1.88« 
2.82 
1.79 
2.97 
2.00 
2.74 



Bainy 
days. 



13 
14 
11 
12 
13 
14 
13 
10 
11 
13 
12 
11 



Lille. 



Temp. 



Bain- 
fall. 



2.27 
L69 
1.99 
1.74 
L43 
3.66 
3.20 
3.74 
3.44 
2.27 
2.55 
1.68 



Bainy 
days. 
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Table showing the monUUy averages of temperature and raiitfall, ^o.— ContinaecL 

FRANCS. 



Months. 



Juniiary... 
Eebroaiy.. 

Maroh 

April 

May 

June 

July 

Angnst .... 
Sei^mber 
October . . . 
NoTember. 
Deoember. 



BexgnM 8t YImoox. 



Temp. 



Bain- 
fiOL 



1.94 
1.09 
1.96 
1.U 
L68 
2.12 
2.19 
2.49 
2.21 
2.37 
2.12 
3.62 



Bainy 
days. 



Gambrai. 



Temp. 



8a76 
40.83 
44.83 
62.70 
60.36 
68.00 
68.23 
67.66 
62.60 
50.90 
40.83 
88.75 



Bain- 
jblL 



.00 
.70 
1.18 
L81 
1.37 
1.77 
2.40 
L71 
1.71 
1.88 
L68 
.83 



Bainy 
days. 



Maestrioht. 



Temp. 



Bain- 
faU. 



1.84 
L08 
2.88 
L21 
2.67 
2.69 
2.90' 
2.22 
L96 
1.17 
L87 
2.01 



Bainy 
days. 



Montbs. 



•January... 

February . 
-Mfurch . 

April 

.May , 

June 

•July 

August .... 
• September 

October ... 

NeTcmber. 
-December. 



Laon. 



Temp. 



Bain- 
fidl. 



2.05 
2.10 
1.96 
L77 
1.77 
2.90 
2.47 
2.62 
2.29 
2.42 
1.90 
2.02 



Bainy 
days. 



14 
16 
18 
12 
12 
13 
15 
14 
14 
12 
12 
13 



Hontdldier. 



Temp. 



Baln- 
fiUL 



1.96 
L41 
1.86 
L73 
L60 
L49 
2.58 
2.48 
2.32 
2.87 
1.73 
1.86 



Bainy 
days. 



11 

U 

12 

1 

8 

12 

14 

11 

11 

U 



12 



Troyes. 



Temp. 



84.48 
8&96 
46.86 
62.48 
68.66 
66.20 
69.86 
68.73 
62.60 
52.70 
42.86 
43.26 



Bain- 



1.79 
.98 
1.19 
2.12 
3.21 
2.36 
2.15 
2.20 
1.81 
1.02 
3.27 
L67 



Bainy 
days. 



9 

9 

9 

11 

12 

10 

10 

10 



8 

13 

10 



Mbnthfl. 



•January... 
■February.. 
■March.... 

Anril 

May 

• June 

July 

August . . . 
> September 

October . . . 

.November. 
■Deorauber. 



Nanoy. 



Temp. 



81.82 
38.76 
45u60 
5L80 
68.38 
64.86 
69.86 
69.13 
61.03 
62.93 
43.26 
36.95 



Bain- 
ML 



2.56 
2.88 
2.70 
8.40 
2.59 
2.88 
8.29 
3.27 
2.60 
8.32 
3.41 
2.08 



Bainy 
days. 



13 
12 
11 
10 
18 
12 
14 
8 
10 
14 
15 
13 



LaChappeDe. 



Temp. 



87.64 
38.89 
43.66 
4&70 
63.20 
58.91 
60.85 
62.29 
68.69 
5L85 
48.16 
88.98 



Bain- 
faU. 



2.78 
8.31 
L90 
1.92 
2.67 
2.75 
2.90 
2.79 
a 36 
3.70 
3.11 
2.16 



Bainy 
days. 



Cherbourg. 



Temp. 



Bain- 
£aU. 



4.09 
2.27 
4.03 
8.1^ 
2.11 
2.11 
1.03 
8.77 
2.17 
5.20 
5.34 
a 51 



Bainy 
days. 



Months. 



•J'anuary... 
February. - 

March 

April 

."Mky 

•June 

Jnly 

August 

September 

♦October ... 

•November. 

•December. 



StLo. 



Temp. 



Bainlkll. 



8.42 
2.73 
2.18 
2.14 
2.18 
2.34 
2.50 
2.14 
8.45 
8.64 
2.12 
2.41 



Bainy days. 



Besan9on. 



Temp. 



34.70 
36.95 
43.93 
53.18 
66.66 
68.68 
70.26 
66.88 
61.25 
47.98 
88.75 
36.78 



BainfiAll. 



a05 
2.98 
a46 
5.61 
3.82 
a 41 

a80 

4.48 
2.70 
6.19 
a48 
2.83 



Bainy days. 



10 
16 
12 
11 
12 
13 
13 
12 
10 
11 
16 
14 
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Table nhomng the inonthl^ avertigeB of temperatare and roMifally ^ — Contiiiiied* 

FBANGE. 



Montbs. 


Ft Breyille. 


Grenoble. 


Temp. 


Bain&U. 


Bainy days. 


Temp. 


Bainfall. 


Bainy days. 


.TanTiarv-. 




LOO 
.70 
t44 
2.60 
2.20 
2.48 
2.60 
3.22 
1.76 
a67 
1.76 
.54 






.98 
4.09 
2.33 
3.83 
L58 
2.59 
L63 
2.73 
2.20 
4.83 
3.55 
5.82 


0.5 


febraarv. ................. 








14.0 


Maxch.-... ............ 








16w0 


April .......T ,...T 








17.4 


May 






■ 


16.8 


JuDe 








16.8 


Jnlv 








18.6 


A.iiEni8ii -.-....... ......... 








12.6 


September ............. 








16.0 


October ...» 








0.0 


H ovembor ................. 








l&O 


December 








17.6 













We see, in looking over these tables, that nowhere ^ere the industry 
is most prosperous do we And that the average monthly temperatare 
during the summer months exceeds the maximum above spoken of, 7(P 
F.; nor does the average monthly rainfall appear lower than a mini- 
mum of 2 inches daring tiie same season. Taking the maximum average 
temperature as here determined, 70^ F., for the summer months as a 
guide, at the same time keeping in view the average of 2 inches for 
rainfall, I have collected in the following tables the averages of temper- 
ature and rainfall for all the stations in the United States for which the 
records for temperature for June, July, or August are below that figure, 
and have caused the accompanying maps to be constructed, showing by 
the red line the limits of the sections in which these stations are located. 
The figures are taken from Schott's Temperature and Bain Tables, pre* 
pared under the direction of the Smithsonian Institution. 

TABLES SHOWING THE MONTHLY AVERAGES OF TEMPERATURE AND 
RAINFALL FOR THOSE STATIONS IN THE UNITED STATES AT WHICH 
THE MAXIMUM AVERAGE OF TEMPERATURE IS BELOW 7(P F. AND 
THE MINIMUM AVERAGE OF RAINFALL ABOVE 2 INCHES DfTRING THE 
SUMMER MONTHS. 

MADTB. 



Months. 



January 

February 

March 

April 

May 

June 

Joly .^. 

August 

September 

October 

Noyember 

December 



Augusta. 



Temp. 



19.87 
27.00 
32.20 
88.67 
50.30 
65.61 
68.65 
65.86 
60.39 
50.50 
42.55 
21.58 



Bain- 
fsiXL 



Bath. 



Temp. 



23.22 
23.32 
31.65 
41.86 
52.37 
6L32 
68.71 
66.06 
59.23 
47.74 
35.90 
25.10 



Sain 
fall. 



4.31 
3.37 
2.88 
2.89 
3.59 
2.55 
2.31 
3.07 
1.77 
3.35 
3.27 
3.72 



Belfast. 



Temp. 



15.58 
20.49 
28.74 
41.25 
54.21 
62.88 
68.34 
65.70 
58.43 
46.38 
36.08 
19.95 



Bain- 
falL 



BetheL 



Temp. 



14.10 
18.68 
26.63 
3&40 
49. €2 
61.80 
67.27 
63.97 
56.57 
47.12 
33.23 
22.68 



Bain- 
fall. 



3.51 
3.47 
3.77 
4.93 
3.91 
2.62 
6.12 
1.56 
3.19 
5.08 



2.01 



Brunswick. 



Temp. 



20.10 
22.93 
31.54 
42.56 
52.69 
62.29 
67.44 
65.60 
58.28 
47.78 
36.71 
24.86 



Bain- 
&11. 



3.24 
2.75 
3.72 
3.44 
4.55 
3.69 
3.65 
4.37 
3.03 
3.74 
4.65 
3.85 
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Table ahoioing ike monthly averages of temperature and rainfall^ ^o.-^ontinned. 

MAINE. 



Months. 


Castine. 


Cornish. 


DennysvJlle. 


Dexter. 


Eastport. 


Temp. 


Bain- 
fall. 


Temp. 


Bain- 

falL 


Temp. 


Bain- 
falL 


Temp. 


Bain- 
fall. 


Temp. 


Kain- 
falL 


tTttnuary 


21.41 
22.30 
30.38 
41.43 
50.53 
59.43 
64.82 
64.66 
5a 39 
4a 44 

3ao6 

25.57 




ia47 
21.16 
2a 82 
40.58 
52.53 
6a 51 
6a 56 
66.05 
58.20 
45.92 
34.53 
21.77 


a 70 
a 86 
4.41 
4.07 
a 36 

a 60 

4.21 
4.67 
2.99 
2.46 
4.91 

aei 


iai3 

20.06 
29.06 
3a 66 
50.42 
5a 84 
6a 67 
6a 87 
5a 67 
4a 69 
3a 76 
23.26 




14.53 
21.15 
27.21 
3a34 
5a 51 
62.12 
6a 99 
6a 76 
68.74 
46.25 
34.94 
21.21 


a 24 
2.94 
4.69 
a 91 
a88 
a 31 

a 75 

1.60 

a 78 
a 32 

4.31 

a99 


20.00 
2*2.70 
28.80 
3a 50 
4a 20 
55.50 
6a 80 
63.70 
5a 20 
46.10 
8a70 
24.50 


a64 


f ebmorv .................. 


.95 


Mftrch - 


2.25 


April 


3.15 


■May 


4.50 


June ..-^^,-,.., 


4.00 


Jalv 


2.70 


Angnst 


5.82 


Seiitember - 


2.20 


October 


6.20 


November 


a 15 


Deoember. 


a52 






Mouths. 


Fort Fairfield. 


• 

Fort Kent. 


Fort Preble. 


Fort Sullivan. 


Gardiner. 

« 


Temp. 


Rain- 
faU. 


Temp. 


Kaln- 
falL 


Temp. 


Bain- 
faU. 


Temp. 


Bain- 
fall. 


Temp. 


Bain- 
fall. 


tTttntiarT' 


15.60 
13.10 
24.40 
85.90 
47.70 
67.05 
62.83 
64.70 
49.13 
89.92 
29.15 
12.53 




10.76 
1L26 
2a 26 
35.08 
4a 78 
59.00 
62.51 
6a 45 
51.18 
39.58 
27.52 
10.86 


a 75 
2.60 
1.77 
1.06 
2.63 
1.36 
7.72 
2.57 
1.36 
4.41 
a 86 
a 36 


22.54 
24.61 
82.62 
4a 22 
52.84 
6a 31 
6a 57 
66.64 
5a 66 
4a 14 

saoi 

2a 88 


a 37 
a 39 
2.92 

4.14 
a 05 

a 39 

2.78 
4.11 

a 31 

4.25 
4.37 
4.06 


22.06 
23.23 
8a 57 
4a 11 
4a 67 
5a 24 
61.99 
62.23 
57.14 
47.73 
37.27 
25.66 


a 17 
a 19 

a 16 
a 79 
a 92 
a 15 

4.29 

a 62 
a 17 
a 30 
a 39 

4.26 


17.94 
2a 72 
2a 49 
41.24 
5a 69 
63.06 
68.64 
6a 47 
5a 07 
4a 58 
35.31 
2a 14 


3.53 


FebrniwPT 


2.86 


M^iiTfth "... .'....,, . 


3.68 


April 


3.41 


"May . - , - 


8.88 


June ...... m 


a 39 


JbIv 


a 19 


w o'.T ................. ...... 

An ffiiat 


3.88 


September 


2.90 


October............. 


3.8C 


November 


3.73 


Deoembo: - 


3.88 







Months. 



January . . 
February. 
March.... 

April 

Mlay 

June 

July 

August . . . 
September 
October. . . 
November 
December . 



Hampden. 



Temp. 



a 88 

21.00 
2a 64 
43.78 
51.88 
6a 29 
63.21 
67.67 
56.75 
44.12 

saso 

21.64 



Bain 
fall. 



Hancock's 

Barracks 

(Houlton). 



Temp. 



14.87 
ia68 
27.09 
3a 43 
51.18 
61.15 
6a 09 
64.73 
5a 16 
4a 71 
3a99 

laoo 



Bain- 
faU. 



Hiram. 



Temp. 



17.01 
ia39 
2a 23 
3a 26 
51.45 
61.33 
67.17 
64.11 
56.29 
44.54 
3a 17 
20.91 



Bain- 
fkll. 



Kennebec 
Arsenal. 



Temp. 



22.95 

lasi 

2a 40 
4a 74 
6a 24 
64.59 
6a 47 
6a 49 
58.91 
47.02 
37.25 
2a 98 



Bain- 
fall. 



a 55 
a 25 
1.23 

ass 
a 82 
a 79 
a 91 
a 10 

1.09 

a 14 

.30 
4.30 



xjOO. 



Temp. 



ia08 
21.62 
27.71 
41.85 
60.20 
64.14 
6a 92 
65.34 
56.23 
45.16 
35.69 
22.45 



Bain- 
fall. 



a 22 
a 09 
a 76 

a 72 
a6o 

1.42 

a 39 
aoo 
a 58 
a 92 

4.17 

a 43 



Months. 



January.., 
February . 

March 

Apra 

.May 

June 

July 

'^August ... 
September 
October ... 
November 
December. 



Lisbon. 



Temp. 



ia46 
2a 67 
2a 23 
41.55 
54.08 
'«a53 
6a 92 
«7.24 
58.21 
47.62 
37.63 
2a 66 



Bain- 
faU. 



a 75 
a 43 
4.69 
a64 

a 70 
a 54 
a 28 
a 56 
a 83 

4.77 

a 45 
a 36 



North Brigh- 
ton. 



Temp. 



14.05 
2a 83 
2a 00 
3a 55 
51.62 
61.85 
7a 57 
6a 65 
58.17 
47.77 
34.25 
2a 05 



Bain 
fall. 



Oldtown. 



Temp. 



ia24 
17.17 
2a 07 
37.38 
4a 97 
5a 75 
6a 79 
6a 88 
5a 49 
45.07 
3a49 
ia32 



Bain- 
fall. 



Oxford. 



Temp. , 



ia06 

iai5 

28.48 
4a 35 
5a 54 
64.44 
6a 94 
6a 87 
56.71 
44.63 
3a81 
2a 72 



Bain- 
faU. 



Perry. 



Temp. 



ia76 
23.17 

2a 82 
3a 89 

4a 11 

57.59 
6a 29 
61.55 
5a 67 
4a 21 
3a 62 
24.11 



Bain- 
faU. 



a 86 
a 41 
4.34 
a 81 

a 03 
a 89 
a 68 
a 44 
a 20 
a 73 
a 31 
a 59 
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Table showing the monUhly averagee of temperahire and ramfall, ^c — Contmned. 





PArtlflad.* 




Aaaa 


South Thorn- 




SfATf^littll 


1. 


RtAnben. 








aston. 










Temp. 


Badn- 

fan. 


Temp. 


Bain 
IkU. 


Temp. 


Bain- 
£bU. 


Temp. 


Bain- 
faU. 


Temp. 


Bain- 
fidl. 




19.26 
2L46 
29.72 
40.05 
50.58 
60.27 
66.30 
64.68 
67.45 
45.39 
84.41 
23.85 


6.04 
2.05 
4.82 
4.84 
3.61 
3.16 
5.14 
4.67 
3.44 
468 
2.80 
6.08 


2L08 
2L29 
8L21 
43.69 
64.28 
65.06 
70.31 
68.44 
60.92 
47.18 
87.18 
26.84 


3.60 
3.26 
8.72 
2.12 
5.52 
2.69 
3.57 
4.76 
2.76 
4.34 
3.81 
4.87 


22.96 
24.96 
S9.49 
39.12 
50.90 
63.37 
66.74 
63.84 
56.51 
48.63 
87.05 
2L03 


...... 


19.89 
22.18 
27.71 
4L51 
52.84 
65.18 
69.97 
67.83 
59.49 
44.74 
35.24 
22.28 


L48 
6.04 
6.70 
2.66 
•4.11 
3.42 
2.79 
2.01 
1.26 
4.63 
3.74 
2.68 


19. 10 
21.84 
28.52 
88.66 
48.74 
68.57 
63.73 
62.30 
55.65 
45.42 
35.81 
22.76 


4.35 


TPftbrnnrv ..^.-r.^-.. 


4.63 


March ... ...^-.-r 


4.76 


April .... »^. r 


4.56 


Hay 

Jniifl- --,,-,■, 


6.60 
3.66 


July 


3.76 


A ncmAi; .. . ....^..•*. 


3.61 


SA-nteTn1l>6T -- 


8.79 


October. -_..--.... A.. ...... 


4.56 


'N'nvnm'hAr 


4.06 


'nftftAin'hftr 


5.33 






liontha. 


YMsalboroagh. 


"WeafWatervllle. 


Williamsbiirg. 




Temp. 


Sain. 
iSaU. 


Temp. 


Bain- 
fall. 


Temp. 


Bain. 
£ftU. 


Temp. 


Bain- 
fUl. 


JlVmiftrV r ---, TTr --,'-- r- 


17.84 
19.01 
29.35 
40.57 
54.06 
62.18 
64.92 
66.64 
56.28 
46.53 
36.83 
2L10 




iai8 . 

21.89 
29.77 
42.10 
63.20 
65.10 
69.91 
67.09 
69.20 
46.15 
35.14 
22.78 




13.94 
16.68 
24.33 
88.29 
60.33 
6L55 
66.93 
63.59 
60.57 
45.05 
82.72 
17.80 




16.43 
20.70 
80.86 
88.62 
57.89 
64.01 
68.03 
67.28 
' 69. 14 
47.45 
84.66 
25.63 




"Febmiuy ......... ^-.,-,-- 








Maroh ...., -,,.,^,-. 








April 






% 










June ................... 








July , 








Anirast...... 








September 








October 








November 








December...... 





























NEW HA3IPSHIBE. 



Honihfli 



January . . 
Febmary . 

March 

April 

May 

Jane 

July 

Angnst... 
September 
October... 
November 
December. 



Claremont. 



Temp. 



18.35 
22.47 
80.79 
43.51 
54.96 
65.27 
69.21 
66.56 
68.48 
46.53 
87.11 
23.68 



Bain- 
fiill. 



2.96 
3.26 
4.99 
3.32 
3.96 
2.93 
3.94 
4.92 
8.51 
4.15 
2.38 
3.37 



Concord. 



Temp. 



20.84 
22.73 
81.49 
48.21 
66.17 
65.86 
6a 91 
66.80 
69116 
4a 82 
87.96 
24.87 



Bain- 
falL 



2.92 
8.84 
2.88 
8.49 
8.97 
2.72 
3.68 
4.17 
3.43 
4.26 
8.62 
a 01 



BoTer. 



Temp. 



24.00 
2a 60 
3L80 
42.70 
53.70 
6a 90 
70.40 
64.70 
6a 80 
46.40 
35.5a 
25.20 



Bain- 



Dublin. 



Temp. 



ia52 

21.58 
27.70 
8&99 
49.14 
6a 18 
67.15 
64.18 
57.87 
4a 44 
3a67 
2L14 



Bain- 
fUl. 



Bxeter. 



Temp. 



19.89 
2L20 
8L41 
40.85 
64.47 
6a 81 
60.89 
67.82 
59.00 
49.22 
88 06 
26.83 



Bain- 
taSL 



Monibflu 



Jannazy 

February.... 

March 

April 

May 

Jime 

July 

Ansnst 

Sei^ember.,.. 

October 

November... 
December — 



Port Constitn- 
tion. 



Franoestown. 



Temp. 



24.89 
26.26 
84.37 
43.26 
63.60 
62 34 
67.06 
65.06 
69.12 
49.64 
3a89 
2a 74 



Bain- 
fUL 



Temp. 



2.42 
2.64 
2.16 
a44 
a 44 

a 01 

2.40 

a8o 

2.43 

a 29 
a23 
a 82 



1&68 
24.29 
30.08 
42.00 
6a 50 
64.09 
69.02 
68.15 
69.45 
47.09 
3a 19 
20.46 



Bain- 
fiOL 



Dartmouth 
College. 



Temp. 



ia24 
ia47 

2a 15 

87.66 
52.53 
61.69 
65.68 
63.34 
55.55 
44.30 
32.31 
17.08 



Bain- 
falL 



2.86 
2.70 
2.98 
a 13 
a 46 
a 89 

a 41 
a 79 
a 17 

4.01 

a40 
a 52 



Hianover. 



Temp. 



17.62 
ia89 
29.10 
40.10 
5a 40 
62.70 
67.15 
65.60 
5a 36 
44.18 
33.76 
20.99 



Bain- 
faXL 



Littleton. 



Temp. 



17.67 
ia40 
24.44 
3a 62 
5^84 
6a 91 
6a 60 
66.81 
65.58 
4a 60 
33.00 
16.09 



Bain- 
fiOL 



2.50 
L4» 
2.16 
LOO 
4.68 
.76 
5.17 
4.60 
L80 
2.48 
1.05 
a 80 
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Table showing the monthly anerages of Umperainire amd roti^alZy ^o.— ContmiificL 

NEW HAH76HIBB. 



Months. 



Jannoty .. 
Febroary . 

Harob 

April 

M*y 

June 

July 

Angnst . . . 
September 
October... 
Kovember 
December. 



Fortsmonth. 



Temp. 



25.45 
27.76 
30.85 
47.15 
57.10 
65.80 
69.65 
68.15 
60.35 
4a 80 
34.80 
26.20 



Bain- 



Sh^bmne. 



Temp. 



16.32 
19.26 
27.44 
39.80 
52.07 
62.91 
69.86 
64.18 
55.46 
43.78 
83.35 
20.21 



Bam- 
fidL 



Stratford. 



Temp. 



13.27 
17.17 
24.02 
.37.37 
50.84 
31.36 
65.21 
62.27 
54.46 
42.21 
8L87 
16.07 



Bain- 
fidl. 



2.77 
2.52 
3.47 
2.48 
3.81 
3.24 
4.42 
8.84 
3.98 
a64 
8.21 
3.08 



West Enfield. 



Temp. 



20.10 
20. U 
27.25 
39.07 
51.77 
63.86 
68.73 
65.48 
58.26 
45.58 
31.86 
19.53 



Bain- 



falL 



3.72 
L46 
2.50 
5.37 
3.25 
3.69 
9.25 
4.28 
8.69 
5.85 
2.96 
1.75 



Wbitefield. 



Temp. 



22.50 
16w85 
24.18 
43.65 
53.23 
64.48 
67.61 
62.42 
57.68 
43.43 
31.36 
2L78 



Bain- 
£01. 



VEBMONT. 



Months. 


Brandon. 


Burlington. 


Craftsbury, 


EayetteTlUe. 


Lnxenburg. 


Temp. 


Bain- 
fUl. 


Temp. 


Bain- 
fall. 


Temp. 


Bain- 
fUL 


Temp. 


Bain- 


Temp. 


Bain- 


tTaiMiarv' 


19.29 

21.95 

28.67 

41.91 

54.75 

64.01 

68.67. 

66.87 

58.43 

46.27 

36.28 

23.46 


2.81 
2.47 
2.44 
2.36 
2.83 
2.71 
4.55 
4.66 
3.18 
3.18 
3.00 
2.18 


14.40 

laoo 

28.50 
89.50 
56.30 
66.60 
6&20 
67.60 
57.10 
45.26 
33.50 
24.70 


L76 
1.84 
2.04 
2.10 
8.29 
3.41 
4.38 
3.29 
3.60 
3.72 
2.62 
2.10 


13.51 
16.62 
24.57 
37.60 
60.72 
60.97 
66.27 
62.15 
54.70 
42.49 
3L71 
ia35 


2.44 
2.39 
2.95 
2.66 
a 02 

a 10 

4.36 
4.76 
a 95 
a 31 

a 37 

2.95 


ia40 
19.90 
3L00 
44.00 
56.20 
63.50 
67.50 
6a 10 
57.40 
4a 70 
34.90 
24.10 


4.94 
a 67 
4.00 
4.54 
4.70 
4.66 

ao6 

4.81 
a37 
4.15 
a67 

aoo 


15.68 
17.52 
2a 32 
37.77 
51.84 
63.96 
67.52 
64.55 
55.64 
44 55 
32.24 
19.36 




February 




March 




April 




Mfty . . , 




Jnne 




July 




August 


...fc.. 


Sej^mber 


• 


October 




November 




December.................. 









Months. 



January 

February 

March 

April « 

May 

June 

July 

August .^ — 

September .\ . . 

October 

November 

December 



Middlebury. 



Temp. 



ia51 
21.80 
29.84 
42.82 
64.52 
65.78 
69.80 
66.01 
58.91 
4a 93 
37.15 
2a 23 



Bain- 
falL 



1.68 
2.90 
2.28 
2.37 
2.99 
2.39 
a 92 
a 68 
6.30 
a 17 
2.97 
a97 



Montpelier. 



Temp. 



23.85 
17.86 
24 77 
3a 86 
5a 66 
60.67 
67.40 
6a 96 
57.49 
4a 40 
3a 94 
2a 26 



Bain- 



Newbury. 



Temp. 



17.68 

iao4 

29.08 
4L81 
5a 87 
64 70 
69.15 
67.06 
57.60 
4a 68 
8a38 
2L17 



Bain- 
foil. 



New Ftaie. 



Temp. 



15.64 
22.29 
25.73 
42.38 
5a 22 
64.95 
71.11 
65.55 
57.85 
47.44 
8467 
2a 62 



Bain- 



Months* 



January .. 
February. 
March.... 

April 

May 

June 

July 

AU£U8t . . . 

September 
October . . . 
November 
December. 



Newport. 



Temp. 



15.54 
22.29 
2a 73 
42.38 
53.22 
64.95 
7L11 
65.55 
57.85 
47.44 
34.67 
2a 62 



Bain- 



Norwich. 



Temp. 



a61 
27.17 
24.43 
42.05 
5L59 
65.50 
69.71 
6a 12 
6a 40 
44 63 
32.28 
20.73 



Bain- 
ML 



Bandolph. 



Temp. 



17.19 

ia66 

25.64 
40.37 
5a 70 
6a 07 
60.50 
54.98 
67.45 
44.32 
34.08 
20.22 



Bain- 
faSL 



Bntland. 



Temp. 



laoo 
laso 

82.60 
41.00 
60.00 
64 00 
67.60 
67.50 
57.00 
41.00 
87.00 
80.00 



Bain- 
&1L 
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Table showing the monthly averages of iemperaiwre and rainfall, fo. — Gontiiniied. 

YSBMONI. 



Montlis. 



January .. 
February - 
March .... 

April 

May 

Jane 

July 

Ansost . . . 
Semember 
October . . . 
November 
December. 

*s 



Saint Johnsbory. 



Temp. 



16.61 
IS. 82 
27.16 
87.64 
52. 99 
62.16 
6115 
63.62 
65.16 
43.61 
83.05 
17.43 



Bain- 
falL 



Springfleld. 



Temp. 



16.19 
2L19 
29.24 
89.88 
63.83 
62.00 
66.08 
66.87 
68.67 
4a 87 
87.66 
22.87 



Bain- 



4.64 

2.87 
8.40 
8.59 
8.53 
4.03 
5.15 
4.18 
2.70 
8.94 
3.02 
2.76 



WilliamBtown. 



Tem^. 



15.34 
16.72 
25.45 
87.93 
60.12 
60.45 
64.04 
61.36 
62.98 
41.79 
80.08 
18.06 



Bain- 



Woodstock. 



Temp. 



16.44 
14.95 
2a 52 
38.78 
62.18 
62.69 
68.07 
62.01 
65.81 
4L85 
8L08 
19.64 



Bain- 
falL 



2.60 
1.46 
L67 
2.78 
4.96 
8.06 
4.94 
4.33 
8.44 
6.26 
2.96 
3.26 



MASSACHUSBTTS. 



Months. 



January .. 
Pebmary. 

March 

April 

May 

June 

July 

Aujinist ... 
September 
October... 
November 
December 



Deerfield. 



Temp. 



22.24 
22.29 
30.28 
42.97 
65.88 
65.77 
70.28 
68.20 
60.43 
45.57 
87.35 
26.61 



Bain- 
faU. 



Fitchborg. 



Temp. 



23.80 
81.35 
35.80 
44.82 
64.25 
66.05 
70.47 
67.65 
61.67 
52.82 
39.95 
25.88 



Bain- 
falL 



.80 
8.12 
6.31 
a96 
8.71 
2.57 
5.96 
4.18 
2.88 
4.91 
4.83 

.35 



Fort Warren. 



Temp. 



27.83 
27.99 
33.14 
44.49 
63.93 
65.19 
70.88 
69.96 
62.33 
5L64 
4L59 
80.08 



Bain- 
fialL 



Fmmingham. 



Temp. 



22.76 
24.16 
32.89 
44.43 
65.09 
65u66 
60.01 
67.17 
69.06 
47.81 
36.97 
24.65 



Bain- 



Months. 



January ; . 
February. 

March 

April 

May 

June 

July 

August . . . 
September 
October..* 
November 
December 



(Georgetown. 



Temp. 



22.57 
25.68 
82. 57 
44.94 
52.21 
65.26 
68.71 
68.52 
60.33 
47.02 
8&85 
26.44 



Bain. 
feOL 



Hinsdale. 



Temp. 



24.13 
21.15 
23.87 
42.08 
53.65 
64.76 
69.59 
66.27 
68.54 
43.08 
83.00 
23.17 



Bain- 
fUl. 



Ipswich. 



Temp. 



30.00 
80.00 
88.00 
4&00 
66.50 
68.00 
70.60 
70.00 
63.60 
6L60 
89.00 
87.00 



Bain- 
fiOl. 



Kingston. 



Temp. 



28.05 
28.65 
81.47 
4a 53 
61.89 
64.02 
70.12 
67.08 
6L97 
6L16 
4L87 
3L14 



Bain- 
iiBlL 



Months. 



January .. 
February . 
March .... 

April 

May 

June 

July 

Augost... 
September 
October... 
November 
December 



Lawrence. 



Temp. 



23.21 
25.65 
81.23 
42.19 
63.21 
64.26 
69.13 
67.86 
59.83 
47.98 
88.41 
2a 32 



Bain- 
falL 



a 75 
2.69 
a56 
4.28 
4.05 
a 09 
a 82 
5.28 
a 25 
a 27 

a 72 

4.20 



Lenox. 



Temp. 



22.77 
ia77 
29.92 
37.24 
51.61 
6a 27 
64.92 
64.36 
54.62 
42.86 
32.79 
21.93 



Bain- 



Medfleld. 



Temp. 



23.81 
26.10 
84.63 
43.60 
64.48 
64.69 
6&92 
6a 09 
60.21 
49.17 
8a 56 
29.68 



Bain- 
ftlL 



Mendon. 



Temp. 



24.35 
24.10 
32.03 
44.00 
64.44 
64.63 
70.47 
67.70 
69.93 
4a 63 
38.78 
27.00 



Bain- 
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Table ihowing the monihljf averagee of temperahire and rainfaUf fe, — Contianed. 

KASSACHUSBTTS. 



MonthB. 



January .. 
Februaiy. 
HJaroh.... 

April 

May 

Jane 

Jxily 

Anjmst . . . 
September 
October. . . 
NoTember 
December 



MUton. 



Temp. 



27.00 
27.59 
82.84 
44.89 
64.44 
66.61 
70.70 
60.32 
61.13 
50.20 
89.15 
28.85 



Bain- 



Nantaoket 



Temp. 



82.07 
81.98 
86.56 
44.60 
62.76 
68.17 
70.10 
68.84 
64.13 
66.36 
45.63 
86.57 



Bain- 
lUl. 



a92 
2.81 
8.25 
4.02 
3.75 
3.27 
2.48 
2.72 
8.16 
8.57 
8.88 
4.77 



Kew Bedford. 



Temp. 



28.79 
29.44 
85.60 
44.66 
64.24 
63.50 
60.12 
68.23 
62.05 
52.29 
42.48 
82.40 



Bain- 
ML 



8.34 
3.80 
8.56 
8.53 
3.64 
8.83 
2.08 
8.94 
8.29 
3.86 
8.87 
8.78 



ITewbury. 



Temp. 



28.80 
25.80 
32.63 
46.07 
53.49 
66.26 
70.69 
67.40 
67.20 
46.62 
88.11 
27.20 



Bain- 

fBlL 



MonthB. 



January . . 
Febmary . 
March — 

April 

maj 

Jane 

July 

Aneost . . . 
September 
October... 
Ktvember 
December 



Newbnryport. 


Princeton. 


Sandwich. 


Topsf 


Temp. 


Bain- 
faU. 


Temp. 


Bain- 
fall. 


Temp. 


Bain- 
fiiU. 


Temp. 


23.14 


• • ^« • • • • 


20.24 




26.23 




25.27 


23.54 




17.61 




29.73 




27.21 


80.70 




25.68 




37.48 




83.52 


42.09 




41.18 




45.01 




44.75 


53.57 




62.83 




63.78 




64.30 


64.07 




62.86 




6L42 




. 64.90 


70.10 




60.46 




60.16 




69.91 


65.05 




6^.88 




70.29 




68.82 


6L41 




68.73 




60.40 




60.63 


49.59 




48.16 




60.02 




4a 87 


88.88 




87.45 




43.43 




40.49 


2&06 




24.45 




82.17 




28.32 



Bain- 
fall. 



BHODE ISLAND. 



MonthB. 


Fort Wdcott 


Newport 


North Scitoate. 


Providence. 


Temp. 


Bain- 
fUl. 


Temp. 


Bain- 
fiOl. 


Temp. 


Bain- 
fifeU. 


Temp. 


Bain- 
faU. 


Jannarv ..^..-rf.b-rr^.T..^. 


29.49 
80.48 
27.24 
46.02 
55.64 
61.52 
70.41 
60.59 
63.22 
54.30 
43.03 
84.29 




29.93 
29.40 
8614 
44.51 
63.88 
64.70 
70.14 
60.52 
63.43 
53.65 
43.27 
84.16 


8.87 
6.41 
6.11 
L74 
4.50 
4.13 
1.81 
8.78 
2.60 
3.40 
4.52 
4.01 


24.83 
25.71 
84.07 
42.20 
56.95 
66.38 
68.70 
68.42 
60.00 
47.02 
80.31 
26.01 




25.84 
27.01 
84.43 
45.64 
66.75 
63.85 
70.93 
69.08 
61.73 
60.85 
40.45 
20.87 


3.42 


"ft'fthmarv ...,--,.......,... 


2.88 


March - -r-r-..^-,, 


3.46 


ADril 


8.60 


Mky -,-. rrx - 


8.40 


.TntiA 


8.13 


.Tnlv 


8.08 


Anfimst .................... 


3.88 


Seotember 


3.08 


October .................... 


3.35 


ItTovember ................. 


4.04 


December ................. 


8.92 







CONNECTICUT. 



" iu ■ ■• ■ 
MonthB. 


Canton. 


Cdebrook. 


Colombia. 


GoBhen. 


litchfield. 


Temp. 


Bain- 

fiBll. 


Temp. 


Baln- 
ML 


Temp. 


Bain- 
faU. 


Temp. 


Bain- 

flBlL 


Temp. 


Bain- 




27.87 
26.11 
29.63 
46.51 
54.16 
58.93 
68.79 
64.03 
50.67 
60.24 
80.10 
29.51 


4.24 
8.87 
6U 
L81 
2.76 
6.98 
9.29 
4.86 
8.89 
4.04 
6.46 
2.66 


20.89 
23.31 
28.70 
48.12 
53.84 
64.65 
60.88 
67.13 
50.40 
47.80 
36.61 
24.67 




26.88 
28.87 
83.04 
46.76 
66.62 
65.67 
70.62 
68.87 
6L73 
51.13 
40.65 
28.25 


• m «!• « • 


26 66 
26.12 
84.00 
46.02 
66.11 
66.26 
70.68 
60.06 
60.80 
40.05 
80.80 
20.05 




24.02 
26.19 
82.92 
88.88 
6L45 
62.68 
68.06 
64.30 
6a 48 
40.44 
85.62 
25.08 




Februaxy 




Miwh ' ™ 




April 




M^y n ..,. .. .tr.. . 




June- ^^-, .,.....,,,-- 




July 


4 


Auinut 




Seotember 


• 


October 




November ................. 




December ................. 






■ 
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Table showing the monthly averages of temperature and rainfallf ^o.-— Gontiiiiied. 

GOmirBGTIOITT. 



HonthB. 



Jannaiy .. 
Febrtiary . 
Slarch.... 

Apiil 

MAy 

Jnne 

July 

Attest . . . 
September 
October. . - 
Ifovember 
Beoember 



liiddletowxi. 



Temp. 



26.23 
28.93 
33.86 
45.66 
66.24 
66.34 
70.96 
6a 97 
61.43 
60.80 
38.95 
28.67 



Bain. 
fiiJl. 



8.41 
8.24 
8.18 
8.35 
8.96 
2.22 
3.50 
6.60 
2.13 
6.09 
8.70 
8.82 



Flymouih. 



Temp. 



36.00 
26.29 
27.98 
4L70 
66.42 
62.18 
08.83 
67.80 
67.85 
4&74 
38.97 
25.97 



Sain- 



8.25 
8.33 
.4.36 
2.77 
8.72 
1.67 
8.91 
4.31 
2.81 
4.33 
5.45 
3.78 



Pomfret. 



Temp. 



22.89 
28.07 
80.99 
43.30 
63.77 
63.17 
68.12 
65.82 
68.85 
48.46 
42.36 
26.28 



Bam- 
fail. 



3.97 
8.82 
8.63 
8.62 
3.77 
3.86 
4.59 
4.64 
8.47 
3.76 
4.24 
4.34 



Salisbury. 



Temp. 



24.65 
25.28 
34.65 
44.44 
56.32 
65.87 
70.44 
68.06 
60.09 
60.18 
89.28 
27.54 



Bain- 
ML 



2.20 
2.79 
2.62 
2.80 
4.62 
4.01 
4.71 
8.60 
8.26 
4.68 
490 
4.67 



Months 



Ml 

January.. 
February. 

March 

April 

May 

June 

July 

August . . . 
September 
October... 
KoYember 
December 



Sharon.' 



Temp. 



24.90 
26.15 
84.42 
45.64 
67.65 
65.96 
70.11 
68.00 
6L14 
49.96 
89.29 
28.73 



Bain- 
falL 



Wallingford. 



Temp. 



24.42 
27.85 
84.79 
44.72 
54.99 
65.77 
69.76 
67.36 
60.49 
60.82 
89.28 
28.40 



Bain- 
fall. 



4..85 
3.02 
4.35 
4.43 
6.09 
4.82 
4.20 
6.62 
4.36 
8.05 
2.98 
4.26 



"Warren Centre. 



Temp. 



21.70 
20.66 
85.31 
41.21 
62.41 
64.31 
67.67 
67.34 
68.41 
^.32 
45.46 
27.23 



Bain- 
feJL 



Waterbury. 



Temp. 



24.52 
27.55 
33.62 
44.93 
54.26 
64.78 
70.92 
69.05 
60.32 
45.22 
38.01 
24.65 



Bain- 



NEW YOBK. 



Months. 


Amenta. 


Auburn. 


BaldwJnsville. 


BeUeville (Union 
Academy). 


Temp. 


Bain- 
ML 


Temp. 


Bain- 
faU. 


Temp. 


Bain- 


Temp. 


Bain- 
falL 


Jannarv , r 


21.79 
20.12 
85.56 
4L54 
56.66 
66.55 
68.88 
67.86 
67.76 
46.99 
45.15 
28.24 


"••••"•• 


24 37 
25.08 
83.51 
45.26 
64.84 
64.47 
69.38 
68.23 
59.45 
4a 23 
37.75 
29.54 


2.50 
2.04 
2.13 
2.22 
3.45 
3.57 
3.13 
3.23 
3.20 
3.38 
2.85 
2.72 


22.62 
24.69 
80.39 
42.09 
53.75 
6417 
6a 79 
69.03 
50.08 
47.29 
37.72 
26.76 




23.73 
22.92 
32.64 
48.18 
56.50 
64 68 
69.59 
66.13 
60.04 
48.98 
37.77 
25.03 




rftbmaiy 




March .^.-..^.r T..,r- 




April 




May 




June 




July 




Ausrust 




September 




October 




November 




December 








Months. 


Bellport. 


Bridget 


rater. 


Buffido. 


Cambridge (Wash- 
ington County 
Academy). 




1 
Temp. 


Bain- 
faU. 


Temp. 


B8.I11- 
fiftU. 


Temp. 


Bain- 
ML 


Temp. 


Bain- 
falL 


January . .......ri..r..,«.r 


81.12 
30.70 
37.29 
45.01 
54.35 
64 32 
69.17 
68.58 
62.10 
53.14 
42.54 
33.63 


6.42 
4 75 
407 
■ 3.14 
2.95 
3.75 
8.04 
3.73 
6.03 
2.74 
3.84 
1.96 


20.64 
21.89 
29.88 
42.29 
52.98 
59.58 
66.64 
69.90 
55.44 
44.66 
3L42 
23.68 




24.36^ 

26.39 

31.37 

43.63 

58.59 

6ft. 04 

69.58 

68.58 

61.19 

49.51 

40. 13 

2a40t 


2.46 
2.66 
3.45 
2.91 
3.53 
• 2.46 
2.76 
3.02 
3.65 
8.16 
2.99 
3.40 


22.44 
21.45 
32.69 
44.19 
55.99 
64.82 
68.88 
66.09 
58.29 
46.76 
36.56 
26.21 


2.90 


Febraarv .................. 


2.50 


March ....... .t. ........... 


2.03 


April 


2.98 


Mftv ,_,.,^.„--^„ ^- 


3.49 


jTinO - r. - T,-- T,- 


48# 


Jnlv -. 


8.58 


AuGTUSt .................... 


418 


September 


2.76 


October 


8.48 


November ................. 


2.80 


December 


2.14 
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Table showing (he monihly averages of temperature and raiitfaU^ ^ — Go&tinued. 

3$rBW YOBK. 



Manths. 


Cantdoharie 
(academy). 


Canandaigoa 
(academy). 


Caaenovla. 


Charlotte. 


Temp. 


Bain- 
fiOL 


Temp. 


Bain- 
ttXL 


Tenq^. 


Bain- 
fUl. 


Temp. 


Bain- 
lalL 


tTnnniKrv ...... . 


20.97 
19.61 
80.46 
47.29 
68.83 
64.06 
70.84 
67.86 
68.69 
49.06 
87.87 
26.26 




23.34 
2L09 
81.84 
45.94 
55.92 
66.70 
69.49 
66.80 
57.82 
47.85 
86.14 
26.68 


8 

8.43 

2.31 

2.42 

4.91 

8.74 

8.30 

3.47 

2.83 

8.13 

2.82 

2.56 


21.43 
22.21 
29.85 
42.87 
63.00 
61.99 
66.71 
64.61 
67.66 
45.84 
85.63 
24.69 


8.25 
8.08 
3.92 
4.35 
a26 
4.12 
4.59 
4.02 
8.90 
4.29 
3.17 
8.16 


26u47 
27.86 
32.93 
44.57 
54.69 
66.33 
70.65 
69.76 
62.22 
60.68 
40.88 
29.28 


L73 


"PftTimarv ,..,-.r 


1.72 


1tf ATCh 


a28 


April 


2.41 


"May T . - 


ao2 


JTanB. ...................... 


2.43 


July 


2.00 


Aagnst 


2.06 


SeDtember 


2.89 


October ..................... 


a 03 


November 


2.S6 


December ,. 


2.00 






Months. 


Cherry Valley 
Academy. 


Clyde. 


Cuba. 


DansviUe. 


Temp. 


Bain- 
fidL 


Temp. 


Bain- 
fiilL 


Temp. 


Bain- 
fUl. 


Temp. 


Bain- 


jADQATy ....T.............. 


22.03 
2L66 
30.30 
43.64 
63.84 
63.48 
67.68 
65.68 
67.82 
45.81 
M.36 
25.34 


2.66 
2.67 
2.80 
8.03 
4.04 
4.35 
4.24 
8.45 
8.55 
8.90 
8.18 
3.07 


23.82 
27.35 
3a 96 
44.77 
63.65 
63.01 
66.77 
65.25 
69.47 
60.62 
37.38 
8L95 




18.10 
22.48 
28.02 
40.41 
51.21 
62.60 
63.52 
63.22 
65.12 
40.19 
82.61 
23.58 


2.78 
L96 
3.72 
8.13 
2.54 
8.43 
2.21 
a27 
a 47 
,2.52 
2.73 
2.97 


2a 82 
3L53 
32.35 
46.87 
62.20 
65.22 
68.95 
6&01 
60.80 
62.12 
37.60 
84.03 




FebiTUury 




March 




April - 




"M^y 




^TniM^ r.-r........T 




July 








September 


• 


November 












Months. 


Delhi. 


DepanviUe. 


Bast Hampton. 


Ellisbnrg. 


Temp. 


Bain- 
fall. 


Temp. 


Bain- 
&I1. 


Temp. 


Bain- 
fidL 


Temp. 


Bain- 
fa^ 


Jftniiftrv -r--.^ 


22.82 
2a 58 
83.69 
39.49 
65.30 
68.05 
68.95 
64.69 
55.86 
45.92 
37.01 
81.45 




19.24 
20.76 
29.20 
42.82 
63.10 
64.85 
69.57 
66.49 
60.32 
46.36 
85.96 
23.72 


3.32 

3.98 

a20 

2.29 

3.74 

4.08 

2.81 

6.30 

5.01 

5 

6.28 

4.21 


80.13 
80.75 
86.66 
44.43 
63.18 
62.80 
69.68 
6a 61 
62.64 
52.13 
42.27 
83.45 


2.93 
2.30 
2.54 
a62 
a 66 
2.06 
2.64 
a 22 
a27 
a 65 

a 16 
a 17 


2a 74 
22.82 
3a 42 
4a 65 
67.49 
64.73 
69.73 
6a 94 
61.84 
4a 72 
3a 39 
3a 63 




IFebniwrv 




MftTch - - -.,-^-- 




April 




May 




Jniie-. -T r 




Jul V ....................... 




Ansmst 




September 




October 


1 


NoveUiber 




December 








Months. 


Elmira. 


Fairfield Acad- 
emy. 


FortEdwazd. 


Fort Nianjara. 


Temp. 


Bain- 


Temp. 


Bain- 
falL 


Temp. 


Bain- 
ML 


Temp. 


Bain- 
£101. 


January 


19.60 

26.66 

32.15 

89.85 

66.09 

62.80 

67.81 

64.29 

66.53> 

61.02 

83.90 

82.86 


........ 


19.73 
19.78 
29.85 
42.57 
53.91 
62.53 
66.39 
65.79 
57 53 
46.02 
84.50 
23.98 


2.68 
1.79 
2.36 
2.63 
8.09 
4.29 
4.21 
8.65 
8.08 
8.50 
2.46 
2.74 


25.81 

21 

33.13 

45.45 

57.79 

69.96 

70.74 

67.67 

60.85 

49.09 

86.06 

27.60 


4.72 

L72 

a84 

4 

a26 

7.85 

4.92 

4.71 

4.27 

a57 

6.11 

6.76 


2a 71 
2a 98 
3a 34 
43.32 
64.59 
65.12 
7a 53 
69.66 
61.62 
50.49 
89.75 
2a 17 




Febmarv .- 




March 




April 




May 




June 




Jnlv 




August 




■ September ........< 




October 




November 




December 
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Table thowing tfttf monthly averages of temperature and ravtfall^ ^o. — Continued. 

ISSW TOBE. 



IContlit. 


Fort Ontario. 


ITredonia (acad- 
emy). 


Friendship. 


(3oshen. 


Temp. 


Sain- 
SaXL, 


Temp. 


Bain- 
fiUL 


Temp. 


Bain- 
fUl. 


Temp. 


Bain- 
ML 


JanTltirV .r.,r......,,.r.... 


24.21 
?a26 
80.04 
42.87 
5L76 
62.23 
60.57 
68.28 
61.56 
4a 40 
8a 55 
26.74 




2&37 
27.75 
85.16 
45.85 
56.67 
65.28 
70.66 
6a 47 
6L01 
60.03 
38.71 
8L06 


2.04 
L82 
LOO 
L03 
a 32 
a 83 
a 34 

a 78 

4.46 
4.31 
a 27 
2.06 


ia75 
20.72 
27.71 
4a 05 
47.05 
65.00 
6a 18 
6a 23 
5a 03 
45.66 
8a 07 
22.52 




2a 66 
26.31 
3a 51 
47.42 
6a 22 
64.73 
6a 70 
07.64 
60.76 
4a 81 
3a 70 

2a 01 




febraarv .................. 




Vftmh , , , , . , 




April 




"Mky _ 




JXine- ....... .....rr, ..--.- 




JtiIv 




AxLini At 




September............ 




October .«... 




iJiToveinber ................. 




T)eceinber 










Gonyemenr. 


GreenvlUe. 


Hamilton. 


Hartwick. 


Temp. 


Bain- 
fall 


Temp. 


Bain- 
fUl. 


Temp. 


Bain- 
fftii 


Temp. 


Bain- 
Ml. 


Jwnnwry , .,.T....r. ........ 


17.28 

iai7 

28.66 
42.80 
54.81 
64.11 
60.70 
66.71 
56.67 
45.50 
83.73 
20.04 





80.27 
27.48 
8a 78 
40.18 
62.61 
66.78 
6a 88 
6a 72 
6L73 
51.26 
36.06 
2a 18 




22.01 
22.05 
8L80 
4a 43 
54.07 
6a 08 
67.36 
6a 86 
5a 28 
4a 88 
8a 64 
2a 36 




24.27 
2a 22 
3a 80 
44.42 
6a 48 
6a 08 
6a 25 
66.72 
5a 75 
48.46 

sail 

28.10 




Tebmary 




Mftrch .r.... 








Vfty ....... . 








Julv . ................... 








September 








November 












Montlis. 


Henrietta. 


Hermitage. 


Homer (Cort- 
land Academy). 


Hooseville. 


Temp. 


Bain- 
fUl. 


Temp. 


Baln- 
fall. 


Temp. 


Bain- 


Temp. 


Bain- 
ibll. 


iTftDTiftry 


20.70 
2a 48 
8a 44 
48.81 
5a 70 
64.05 
60.76 
66.57 
60.07 
5L31 
39.48 
30.76 




23.26 
23.44 
26.74 
39.40 
60.74 
60.67 
64.49 
64.31 
56.31 
46.62 
85.46 
2a 64 


5.10 
a 64 
4.28 
a 76 
4.64 
a 40 
4.06 

a 10 
a 70 

4.80 
4.76 

a 50 


22.00 
22.61 
31.12 
42.40 
53.03 
61.67 
65.92 
64.22 
6a 45 
4a 53 
35.81 
2a 96 


1.72 
2.89 
2.66 
a 41 
a 06 
4.36 
a 61 

ao4 

4.39 
4.36 
4.70 
a70 


20.02 
21.40 
2a 37 
88.89 
51.66 
64.97 
68.16 
65.18 
57.70 
4a 81 
84.28 
20.24 


1.86 


JFebmary 


2.02 


T^ft.no.b 


8.03 


April 


3.03 


Hay 


3.03 


June ^r....... 


2.13 


July 


4.45 


ATignst ^^,r,,T,.. 


3.40 


SeD^ember 


4 03 


October 


4.55 


3Sb\ ember 


4.00 


December ......t 


2.42 






HonthB. 


It]kaca(academy). 


Jamestown. 


Johnstown (acad- 
emy). 


Kinderhook (acad- 
emy). 


Temp. 


Rain- 
faXL 


Temp. 


Bain- 
fall. 


Temp. 


Bain- 


Temp. 


Bain- 


Jflnnftrv ., 


27.78 
27.78 
84.00 
46.73 
57.82 
65.42 
70.78 
68.68 
60.35 
49.20 
8a 97 
81.02 




20.20 
24.58 
32.68 
43.38 
57.16 
65.98 
68.67 
66.26 
60.94 
4a 39 
3a G2 
29.28 


2.75 
a 05 

a 10 
a65 

4.40 

a 90 

5.40 
6.90 

a 35 

4.55 
5.36 
a55 


2L27 
22.14 
81.68 
4a 60 
65.89 
64.76 
6a U9 
67.70 
68.16 
4a 73 
34.97 
24.83 


........ 


22.00 
2a 32 
38.74 
4a 30 
67.26 
66.44 
70.15 
68.47 
60.30 
47.54 
38.28 
25.24 


2.21 


FebrnfiTv 


1.53 


l£ftrcb .^...... 


2.48 




2.97 


May 


a 41 




4.55 


Julv ....................... 


4.35 




a 36 


September ................. 


2.' 94 




3.25 


ISToTember ................. 


3.60 




2.75 
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Table showing the mantklsj averages of temperature and rainfall, ^o.— Oontiimed. 

ISTEW YOBK. 



Months. 



January .. 
February . 

March 

April 

May 

June 

July 

August . . . 
Sepiember 
October . . . 
ISTovember 
December . 



Leyden. 



Temp. 



22.76 
16.01 
25.58 
40.25 
62.73 
67.82 
6a 33 
6L35 
69.05 
39.74 
28.53 
23.52 



Bain- 
faU. 



Liberty. 



Temp. 



1&19 
20.13 
26.71 
89.95 
51.59 
62.62 
68.79 
64.84 
56.63 
47.84 
83.95 
26.32 



Bain- 
fUl. 



Little Grenesee. 



Temp. 



1.64 
6.72 
4.93 
7.48 
8.39 
4.77 
2.73 
8.53 
2.79 
2.86 
8.88 
4.46 



22.13 
23.58 
28.65 
43.26 
62.88 
65.44 
6a 97 
64.97 
58.50 
45.27 
35.58 
24.47 



Bain, 
fall. 



Locl^ort. 



Temp. 



24.2 
27.6 
33.2 
40.4 
53.7 
66.3 
68.8 
66.7 
59.6 
49.9 
43.9 
84.4 



Bain- 
£ilL 



Months. 



Lowville. 



Temp. 



Bain- 
fall. 



Lyons. 



Temp. 



Bain- 
&I1. 



MoGrawville. 



Temp. 



BaJn- 
fklL 



Madison B a r ■ 
racks. 



Temp. 



Bain- 
falL 



- «. 



January .. 
February. 

March 

April 

June 

July 

August . . . 
September 
October... 
November 
December. 



19.75 
2L49 
29.78 
43.70 
64.59 
62.61 
67.91 
64.84 
67.43 
45.80 
84.45 
23.40 



24.90 
26.22 
81.80 
42.64 
64.73 
63.06 
67.12 
66.39 
57.94 
49.67 
88.04 
28.90 



9.23 
80.52 
25.65 
85.72 
51.98 
61.16 
70.01 
64.66 
59.43 
46.48 
85.46 
32.07 



21.79 
23.81 
82.89 
44.35 
54.66 
64.49 
69.08 
68.96 
60.62 
49.49 
37.88 
25.87 



Months. 



January . . 
February . 
March .... 

April 

MAy 

June 

July 

August ... 
September 
October... 
^November 
December. 



Malone (Franklin 
Academy). 



Temp. 



18.24 
24.48 
31.42 
45.07 
53.01 
60.22 
66.90 
65.45 
65.17 
46.92 
32.85 
21.22 



Bain. 
fan. 



Meidco (academy) . 



Temp. 



21.90 
23.39 
80.88 
4L93 
52.23 
62.84 
66.89 
65.86 
68.63 
46.40 
84.78 
25.95 



Bain- 
ML 



MiddlebuTg. 



Temp. 



26.87 
26.28 
33.96 
45.59 
56.00 
63.89 
68.75 
66.91 
59.14 
4&00 
87.22 
29.17 



Bain- 
fall. 



MUo. 



Temp. 



28.53 
21.25 
25.43 
44.39 
65.14 
66.12 
68.74 
67.09 
61.24 
45.96 
85.44 
27.71 



Bain- 
talL 



Months. 



January .. 
February . 

March 

April 

May 

June 

July 

August ... 
September 
October... 
November 
December . 



MiUville (acad- 
emy). 



Temp. 



2a 00 
2a 36 
82.28 
45.55 
5469 
63.23 
6&24 
67.73 
69.50 
4a 63 
87.76 
2&99 



Bain- 
falL 



Mohawk. 



Temp. 



20.87 
22.69 
2a 04 
42.83 
64.89 
64.69 
69.64 
67,73 
5a 77 
47.93 
8a87 
23.12 



Bain- 
fall. 



Newark VaUey. 



Temp. 



24.14 
20.69 
27.05 
41.77 
64.65 
6a 52 
7a 80 
6a 45 
6a 74 
45.22 
85.03 

sa43 



Bain- 
&1L 



North Granville. 



Temp. 



20.67 
2a 09 
81.20 
4a 63 
6a 16 
6a 50 
7a 82 
6a 26 
6a 72 
47.70 
85.89 
24.79 



Bain- 
fall. 
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Table showing the monthly averages of temperature and rainfdllj ^o. — Continued. 



ISTEW TORE. 



Months. 



January . . 
February . 

March 

April 

May 

Jnne 

July 

Auffust — 
Seplember 
October . . . 
November 
December 



Ogdensburg (acad- 
emy). 



Temp. 



20.08 
20.20 
30.51 
40.05 
52.95 
64.45 
6&68 
67.92 
57.65 
48.51 
89.36 
22.88 



Bain- 
lalL 



Oneida. 



Temp. 



23.33 
24.32 
30.45 
44.66 
55.70 
65.37 
70.14 
67.69 
60.77 
48.39 
37.82 
27.12 



Bain- 
fiUl. 



Onondaga. 



Temp. 



25.28 
25.67 
83.81 
45.97 
58.01 
65.49 
68.91 
68.05 
59.75 
48.26 
86.54 
29.12 



Bain- 
falL 



2.01 
1.49 
1.82 
2.12 
8.20 
3.74 
3.12 
8.62 
2.76 
3.10 
2.66 
L99 



Oswego. 



Temp. 



24.12 
25.43 
31.32 
42.10 
52.88 
6.3.15 
69.57 
68.10 
61.28 
49.74 
40.40 
S8.05 



Bain- 
faU. 



3.29 
3.37 
3.96 
4.28 
4.22 
3.23 
3.82 
3.50 
4.19 
4.50 
4.58 
4.00 



Months. 



January .. 
February. 
March . . . . 

April 

May 

Jnne 

July 

August . . . 
Se]>tember 
October... 
Kovember 
December 



Oxford (academy). 



Temp. 



22.90 
23.59 
31.98 
43.98 
55.83 
63.44 
67.98 
65.81 
58.18 
46.58 
35.59 
26.09 



Bain- 
ML 



Palermo. 



Temp. 



20.84 
21.99 
2a 01 
42.23 
53.76 
64.40 
69.19 
6a 72 
58.74 
46.65 
36.10 
24.55 



Bain- 
falL 



Peon Yan. 



Temp. 



25.60 
25.54 
33.40 
44.16 
65.28 
64.42 
69.22 
66.81 
59.48 
47.88 
88.22 
28.44 



Bain- 
felL 



Plattsburg. 



Temp. 



18.68 
19.54 
28.51 
41.52 
64.76 
64.34 
68.73 
66.90 
59.01 
46.00 
35.45 
23.15 



Bain- 
fan 



L38 
1.20 
2.18 
2.50 
3.63 
a 51 
3.22 
3.30 
3.72 
3.67 
2.66 
2.37 



Months. 



January .. 
February . 

March 

April 

May 

June 

July 

August ... 
September 
October... 
November 
December 



Pompey. 



Temp. 



21.43 
21.73 
29.28 
40.80 
52.83 
61.65 
65.95 
64.29 
55.55 
44.46 
32.71 
24.07 



Bain- 
iaXL. 



1.69 
1.60 
1.26 
1.77 
3.08 
4.21 
4.12 
3.19 
2.93 
3.23 
2.10 
1.57 



Potsdam. 



T^np. 



18.41 
18.78 
29.96 
43.75 
55.03 
68.96 
68,39 
66.75 
57.37 
44.99 
33.72 
22.11 



Bain- 
fall. 



1.40 
1.06 
1.48 
1.70 
a 02 
3.31 
4.03 
2.81 
3.11 
3.34 
1.93 
1.44 



Prattsburg. 



Temp. 



24.47 
24.61 
32.99 
46.15 
52.88 
61.28 
66.77 
65.86 
67.47 
54.93 
35.21 
28.19 



Bain- 
fall. 



Bochester. 



Temp. 



25.49 
25.91 
32.73 
45.21 
66.23 
65.63 
70.38 
68.10 
60.43 
48.53 
38.09 
27.91 



Bain- 
fall. 



2.49 
2.31 
2.97 
2.73 
3.12 
2.92 
3.37 
3.22 
3.36 
3.64 
2.58 
2.96 



Months. 



January . . 
February . 

March 

April 

May 

June 

July 

August . . . 
September 
October... 
November 
December 



Bouse's Point. 



Temp. 



18.02 
18.91 
29.21 
40.23 
64.66 
46.63 
68.89 
66.81 
67.59 
46.45 
36.53 
21.74 



Bain- 
faU. 



Sacket's Harbor. 



Temp. 



21.14 
24.14 
30.36 
43.64 
64.37 
65.20 
70.06 
70.26 
61.50 
50.07 
40.77 
25.89 



Bain- 
fkU. 



1.98 
2.46 
2.89 
2.95 
3.36 
2.51 
^. Vo 
3.10 
3.44 
4.01 
4.13 
2.92 



Salem. 



Temp. 



22.42 
22.75 
32.57 
45.65 
57.03 
65.94 
69.29 
69.55 
60.06 
46.63 
38.55 
28.31 



BaJn- 
faU. 



Schenectady. 



Temp. 



22.09 
21.79 
30.43 
44.58 
59.05 
66.67 
70.15 
68.09 
59.84 
47.09 
37.54 
29.22 



Bain- 
faU. 



62 



CULTURE OF THE SUGAB BEET. 



Table showing the monthly averages of temperature and rainfaUf fo, — Continned. 

WEW YOKK. 



Mantha. 



Jannary .. 
JFebmary - 

Maxch. 

April 

May 

June 

July 

Angast . . . 
September 
October... 
November 
December 



Skaneateles. 



Temp. 



23.55 
27.06 
30.02 
43.07 
53.41 
63.09 
67.88 
65.18 
60.72 
47.27 
37.18 
26.25 



Bain- 
falL 



SmithTiUe. 



Temp. 



21.38 
21.01 
28.60 
42.08 
62.40 
63.57 
70.71 
67.70 
60.04 
47.59 
40.14 
22.61 



Bain- 
fall. 



South Edmeaton. 



Temp. 



Bain- 
fiilL 



23.13 
26.77 
31.40 
44 86 
54.79 
68.57 
70.25 
67.20 
54.09 
50.66 
41.78 
23.12 



South Trenton. 



Temp. 



19.10 
21.08 
25.97 
89.01 
5L66 
66.06 
69.20 
65.38 
60.39 
45.27 
34.28 
22.90 



Bain- 
falL 



3.57 
5.16 



61 
00 
81 
75 
51 



4. 

4 

3. 

4. 

4. 

4.64 

5.26 

4.65 

3.62 

4.20 



Ifontiia. 



January .. 
February . 

March 

April 

MAy 

June 

July 

August . . . 
September 
October... 
21'oTember 
December 



Springville (acad- 
emy). 



Temp. 



24.88 
25.95 
80.75 
45.45 
53.14 
6L62 
67.51 
64.18 
67.61 
46.23 
37.50 
28.41 



Bain- 
faU. 



1.18 
2.37 
1.84 
3.95 
2.17 
3.95 
3.60 
3.64 
4.60 
6.82 
3.03 
2.30 



Syracuse (aoad- 
, emy). 



Temp. 



24.15 
26.62 
82.25 
42.41 
55.50 
65.58 
70.82 
68.00 
61.38 
50.44 
36.36 
29.95 



Bain- 
falL 



Theresa. 



Temp. 



15,69 
20.17 
27.09 
41.92 
54.68 
64.20 
68.50 
67.46 
58.96 
45.23 
35.38 
23.94 



Bain- 
ML 



Utica. 



Temp. 



23.28 

24.28 
82.43 
45.20 
56.68 
64.67 
69.28 
67.57 
59.58 
48.58 
86.83 
26.56 



Bain- 
faU. 



2.80 
2.66 
2.70 
3.29 
3.31 
4.62 
4.74 
3.65 
3.48 
2.84 
3.61 
3.35 



Months. 



January . . 
February. 

March 

April 

May 

June 

July 

August .. 
September 
October... 
Noyember 
December 



Wampsyille. 



Temp. 



2L72 
24.32 
80.31 
42.66 
55.98 
64.61 
70.29 
66.42 
59.45 
47.87 
38.05 
25.57 



BainML 



3.88 
3.19 
3.78 
5.40 
6.15 
5.65 
7.34 
8.15 
7.20 
6.27 
5.99 
3.97 



Waterburg. 



Temp. 



25.40 
22.73 
24.41 
43.46 
54.89 
65.51 
69.36 
65.93 
58.93 
44.13 
83.14 
25.22 



BainML 



"Waterville. 



Temp. 



25.04 

26.03 

29.76 

39. 27 J 

49.81 

66.37 

69.91 

67.28 

57.35 

44.99 

44.17 

24.29 



Bain&ll. 



Mpnths. 



January.. 
February. 
March.... 

April 

May 

June 

July 

August... 
September 
October... 
November 
December 



White Plains. 



Temp. 



27.61 
29.65 
34.40 
47.56 
57.00 
67.38 
70.92 
69.97 
63.04 
52.28 
42.81 
3L05 



Bain&U. 



Youngs ville. 



Temp. 



15.08 
3L28 
29.48 
37.22 
52.16 
6L34 
68.36 
66.02 
57.56 
44.96 
36.50 
24.26 



BainfEOl. 



Newark. 



Temp. 



31.63 
25.90 
34.45 
45.62 
56.31 
6a 01 
70.51 
69.04 
60.71 
49.86 
39.92 
29.05 



BainfUl. 



3.52 
3.34 
3.46 
3.67 
4.36 
3.20 
3.66 
4.72 
3.47 
3.58 
3.79 
4.08 
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Table showing the monthly averages of temperature and rainfall^ ^e. — Continued. 

PENlSrSYLVAirEA. 



Months. 



Janiiary .. 
Febmaxy . 

MftTch 

April 

May 

June..*... 

July 

Angnst ... 
September 
October... 
November 
December 



Abington. 



Tempu 



23.93 
26.11 
31.07 
45.31 
55.15 
65.95 
69.98 
67.12 
60.78 
47.39 
87.90 
27.40 



Rain. 

flBOl. 



Blairsville. 



Temp. 



22.70 
28.20 
34.30 
42.10 
52.40 
54.90 
64.80 
66.00 
52.80 
47.70 
40.20 
2&00 



Bain- 
falL 



Blooming Groye. 



T^p. 



21.81 
23.63 
29.25 
43.99 
52.96 
64.61 
68.66 
64.58 
59.23 
44.78 
35.60 
24.62 



Bain- 
fall. 



Ceres. 



Temp. 



23.36 
23.55 
32.34 
42.84 
56.06 
64.63 
68.55 
66.62 
59.06 
45.76 
36.19 
27.08 



Baln- 
£aU. 



2.95 
3.45 
2.35 
3.50 
5.40 
5.55 
4.87 
3.13 
5.33 
8.20 
5.33 
4.72 



Months. 



Jannary 

febmary 

March 

April 

May 

June 

July 

Aogost 

September 

October 

November 

December '. 



Dyberry. 



Temp. 



20.13 
22.36 
29.15 
43.37 
60.76 
65.14 
67.16 
62.54 
58.21 
43.98 
35.19 
80.58 



Bain- 
fall. 



Pennsville. 



Temp. 



2L10 
23.56 
30.17 
43.42 
52.83 
65.32 
69.14 
65.70 
58.97 
44. Y4 
84.71 
S3. 97 



Bain- 
faU. 



Sewickleyville. 



Temp. 



27.12 
32.25 
36.33 
47.92 
53.42 
68.27 
67.25 
69.20 
61.40 
48.36 
37.52 
29.55 



Bain- 
faU. 



4.90 
4.63 
L51 
4.61 
2.85 
4.03 
5.04 
8.46 
5.27 
2.92 
4.31 
0.95 



Somerset. 



Temp. 



25.43 
27.46 
34.37 
45.53 
55.49 
64.83 
67.28 
65.72 
58.82 
47.30 
37.90 
28.69 



Baid. 
fall. 



2.45 
2.34 
2.00 
4.26 
4.76 
4.10 
3.00 
3.42 
2.98 
2.93 
3.50 
3.00 



Months. 



-I* 



Jaaiiaasry ... 
rebmary .. 
March..... 

April 

May 

Jvne 

July 

August.... 
September. 
October..-. 
November , 
December . 



St. Yinoeht's College. 



Temp. 



82.23 
34.62 
89.04 
4a 85 
58.42 
68.82 
70.77 
70.60 
63.27 
54.25 
89.65 
86.38 



Bainfan. 



Smithport. 



Temp. 



33.51 
29.83 
32.52 
45.84 
54.13 
62.72 
67.00 
64.05 
55.11 
48.40 
32.20 
25.03 



BamfalL 



Worthington. 



Temp. 



29.27 
30.95 
89.41 
47.70 
69.86 
65.93 
69.21 
68.88 
6L07 
60.88 
40.13 
29.84 



Bamfall. 



OHIO. 



Months. 



— J 

January.. 
February. 

M^rch 

Apiil 

May 

June 

Jnly 

August . . . 
September 
October. . . 
November 
December 



East Cleveland. 



Temp. 



27.71 
28.67 
84.89 
48.00 
53.45 
63.41 
67.18 
66.44 
61.95 
48.02 
37.81 
82.05 



Bain- 
faU. 



East Fafarfleld. 



Temp. 



25.45 
29.94 
85.00 
48.73 
66.99 
66.50 
70.35 
68.97 
62.59 
49.67 
40.18 
29.89 



Bain- 
falL 



Granville. 



Temp. 



26.23 
27.84 
34.76 
47.06 
55.44 
63.93 
67.17 
65.56 
6a 83 
46.15 
36.75 
29.74 



Bain- 
£b11. 



2.47 
a65 
3.35 
a64 
3.53 
5.59 
4.82 
a 52 
2.70 
a 03 
4.11 
a 21 



Little Mountain. 



Xemp. 



25.53 
27.94 
29.79 
4a 26 
55.75 
65.74 
69.83 
69.57 
62.66 
49.73 
41.44 
28.15 



Bain- 
fall. 
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Table showing the fnonMy averages of teimperatwre and raif^aU, ^ — Contmned. 

OHIO. 



Montlui. 



Jannaiy .. 
Febiuary . 
"Maroli.... 

April 

Hay 

June 

July 

Ansnst ... 
September 
October... 
November 
Decembw 



Months. 



UjmUsoil 



Temp. 



28.54 
27.43 
34.23 
45.32 
65.64 
65.43 
70.41 
6&26 
62.07 
50.42 
39.19 
30.86 



Bain- 
faU. 



2141 
2.71 
8.26 
5.11 
4.53 
4.43 
4.26 
4.64 
4.18 
4.44 
6.12 
2.91 



HontviUe. 



Temp. 



29.45 
29.24 
30.42 
45.84 
57.19 
65.57 
70.07 
68.85 
62.80 
50.94 
38.27 
81.38 



lUhin- 
falL 



1.05 
2.U 
L60 
4.40 
5.13 
6.21 
6.97 
2.46 
1.27 
3.39 
4.33 
6..36 



Newark. 



^Temp. 



2&07 
80.04 
37.13 
49.91 
56.22 
65.46 
70.00 
69.90 
61.22 
52.32 
38.51 
32.26 



Bain- 
fall. 



NOTwalk. 



January.. 
Tebraary . 

Harch 

April 

May 

June 

July 

August . . . 
September 
October... 
November 
December 



Saybroolc. 



Temp. 



21.32 
26.87 
83.90 
47.73 
65.75 
67.18 
69.36 
68.69 
63.93 
48.44 
40.01 
3L50 



Bain- 
faU. 



Seville. 



Temp. 



26.86 
33.60 
35.43 
48.72 
63.02 
67.65 
69.75 
63.45 
63.10 
53.60 
38.80 
34.98 



Bain- 

ton. 



3.20 
2.13 
2.67 
2.06 
3.15 
.78 
1.72 
3.86 
3.40 
3.46 
2.05 
2.04 



Tarlton. 



Temp. 



80.93 
35.96 
41.61 
46.07 
58.71 
64.73 
69.71 
64.23 
64.47 
49.55 
38.67 
30.13 



Bain- 
falL 



Temp. 



25.29 
29.34 
35.02 
47.70 
55.95 
66.66 
70.64 
68.78 
61.64 
50.67 
40.31 
30.36 



Baib- 
£a1L 



2.95 
1.89 
2.46 
2. SO 
2.96 
3.43 
4.13 
3.30 
a 24 
2.73 
2.40 
2.04 



Windham* 



Temp. 



32.36 
27.42 
37.02 
43.66 
57.09 
65.37 
70.80 
68.12 
62.24 
49.64 
37.61 
82.50 



Baib- 
falL 



INDIANA. 



Months. 
I 



January . 
February 
March... 
April.... 

May 

June 



Laporte. 



Temp. 



25.00 
28.00 
36.00 
40.00 
50.00 
60.00 



Bainfall. 



L35 



3.50 
1.25 
6.12 
2.50 



Months. 



July 

August... 
September 
October... 
November 
December 



Laporte. 



Temp. 



64.00 
65.00 
54.00 
45.00 
34.00 
20.00 



BainfiOl. 



2.88 
a62 
2.25 
4.00 
8.37 
L30 



ILLINOIS. 



Months. 


Chicago. 


Elgin. 


JSvanston. 


FarmBidge. 


Temp. 


Bain- 
fall. 


Temp. 


Bain- 
faU. 


Temp. 


Bahi- 


. Temp. 


Badi- 
fali 


JanTiarv -,,.^,-, 


23.01 
24.96 
32.01 
45.31 
63.34 
61.59 
70.34 
68.34 
60.19 
48.41 
36.36 
26.38 


«««»•••» 


23.01 
20.62 
86.85 
45.13 
56.99 
66.26 
70.26 
69.40 
59.91 
48.63 
34.59 
22.11 


L40 
1.73 
2.00 
2.37 
1.60 
2.00 
3.38 
3.33 
3.32 
2.45 
0.66 
0.54 


23.49 
25.86 
84.32 
45.63 
55.89 
66.15 
70.20 
70.43 
66.75 
49.63 
39.78 
23.89 


........ 


20.19 
26.05 
40.00" 
46.73 
62.43 
66.10 
69,48 
68.13 
59.08 
49.86 
3L50 
18.73 




February 




March 




April 




May 




June 




July 




August 




September....... 




October 




NovembOT 




December 
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Table showing the TMnthly averages of temperature and rainfall, ^c— Continned. 

MiCHiGAiar. 



HcmthB. 



Jannary .. 
February . 

Karoh 

April 

MAy 

dime 

July 

Angnst... 
September 
October... 
November 
Decembcor. 



Months. 



Central Mine. 



Temp. 



14.24 
12.01 
21.51 
84.(12 
48.18 
58.88 
64.58 
60.63 
62.80 
38.78 
28.08 
17.26 



BaJn- 
faU. 



Copj^FalU DearbomviUe.! Detroit. 



Temp. 



&15 
6w85 
18.05 
31.85 
46.70 
56.70 
65.85 
61.35 
50.40 
42.00 
28.80 
17.60 



Bain- 
ML 



5.00 
1.88 
1.35 
1.80 
1.88 
2.84 
2.00 
3.88 
6.80 
3.60 
4.30 
6.56 



Temp. 



24.08 
21.26 
33.78 
43.42 
54.73 
64.82 
68.85 
65.32 
58.00 
61.76 
35.01 
24.26 



Rain- 
falL 



Temp. 



25.84 
25.88 
34. U 
46.18 
56.08 
65.43 
68.60 
68.11 
58.51 
40.85 
38.14 
28.08 



Bain- 



2.88 
3.30 
3.51 
4.00 
3.47 
4.88 
0.06 
3.43 
5.10 
3.56 
4.14 
a 76 



Eagle BiTer. 



Temp. 



10.83 
11.13 
1&83 
38.63 
48.60 
61.46 
68.16 
61.08 
54.61 
47.21 
28.68 
17.85 



Bain- 
ML 



January . . 
February. 

March 

April 

liSy 

Jjme 

Jnly 

Ausnst... 
September 
October .. 
November 
Deoembrar. 



Enreka Valley. 



Temp. 



17.57 
18.58 
23.88 
35.73 
51.25 
58.08 
66.80 
64.78 
50.18 
40.68 
28.33 
21.80 



Bafai- 
ML 



Fort Brady. 



Temp. 



16.73 
16.88 
24.77 
38.38 
48.67 
68.67 
65.50 
63.10 
54.75 
43.88 
32.60 
21.44 



Bain- 
Ml. 



L76 
1.05 
1.30 
1.73 
2.03 
2.71 
3.58 
3.30 
4.50 
3.21 
2.87 
2.18 



Fort Gratiot. 



Temp. 



26.42 
25.38 
32.72 
44.30 
54.26 
63.78 
68.81 
67.85 
6a 01 
4a 78 
3a 28 
27.18 



Bain< 
fkll. 



Fort Mack- 
inac. 



Temp. 



18.10 
17.27 
25.68 
37.32 

4a la 

67.72 
64.80 
64.17 
55.30 
46.32 
34.14 
23.14 



Bain- 



Fort Wilkins. 



Temp. 



23.40 
2L40 
2a 83 
8a 07 
4a 42 
56.68 
63.55 
62.17 
56.78 
42.81 
30.17 
20.56 



Bain- 
fialL 



Months. 



Jannary .. 
Febroary . 

March 

April 

May 

Jnne 

Jnly 

August . . . 
September 
October. . . 
November 
December. 



Grand Haven. 



Temp. 



25.80 
25.53 
32.88 
45.25 
56.08 
65.40 
70.12 
70.27 
60.38 
48.83 
3a 00 
2a 73 



Bain- 

flBll. 



1.64 
1.28 
1.16 
1.00 
3.07 
1.60 
1.66 
3.87 
8.20 
3.06 
2.64 
1.58 



Holland. 



Temp. 



24.71 
26.51 
82.10 
44.81 

54.58 

oaoi 

70.48 
65.82 
58.15 
47.70 
37.78 
2a 24 



Bain- 
fall. 



2.00 
2.02 
a 31 
2.62 
3.56 
2.13 
8.16 
3.44 
6.75 
3.38 
3.25 
8.18 



Homestead. 



Temp. 



21.50 
23.47 
25.65 
4L47 
51.65 
65.64 
67.13 
62.08 
58.76 
46.28 
37.62 
25.65 



Bain- 
fiill. 



Lansing. 



Temp. 



23.61 
26.36 
32.50 
46.58 
56.51 
67.20 
70.65 
67.43 
58.88 
45.73 
37.28 
25.80 



Bain- 
falL 



• 

Months. 


Laphamsville. 


Marquette. 


Mill Point. 


Northport. 


Temp. 


Bain- 
fkU. 


Temp. 


Bain- 
fall. 


Temp. 


Bain- 
fall. 


Temp. 


Bain- 
fall. 


.Tttpinnry x a ^ . 


28.80 
32.65 
38.38. 
43.87 
54.38 
64.10 
68.50 
66.24; 
64.26 
48.50 
85.23 
26.14 


...... .. 

■ 


ia65 
17.82 
26.74 
87.72 
40l22 
50.88 
65.08 
64.72 
56.66 
4^00. 
32.78 
22.18 


2.10 
2.17 
L88 
2.60 
1.80 

a2i 

2.78 

ao2 

2.80 
2.68 
2.63 
2.12 


20.62 
22.70 
28.57 
42.83 
60.82 
62.71 
65.82 
64.78 
56.07 
47.15 
84.01 
26.37 




^54 
22.08 
26.21 
38.23 
60.00 
60,40 

«sa2o 

64.18 
6a 78 
47.08 
36.76 
25.77 




February 




March, w 




April 




May 




June 




July 




August..,..' 




September 






October. ., 




November 




December 









5SB 



\'i 
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Table showing the monlhly averages of temperature and rainfall, ^o, — Continued. 

WISCONSIN. 



Months. 



Jannary .. 
February . 

March 

April 

May 

June 

July 

August . . . 
September 
October... 
November 
December 



Kenosha. 



Temp. 



28.86 
26.07 
33.06 
40.96 
52.40 
63.43 
70.51 
68.50 
60.94 
49.71 
36.46 
26.70 



Bain- 
falL 



LoweU. 



Temp. 



5.95 
25.84 
27.05 
33.86 
53.03 
68.04 
69.72 
66.81 
62.54 
47.80 
29.83 
29.67 



Bain- 



0.30 
3.60 
0.75 
2.85 
2.70 
2.90 
3.10 
5.65 
L80 
3.65 
2.05 
0.90 



Manitowoc. 
J- 



Temp. 



2L76 
23.92 
3L31 
4L72 
61.91 
62.04 
67.91 
65.95 
58.64 
46.95 
36.21 
25.48 



Bain- 
faU. 



2.02 
].80 
1.84 
2.49 
1.89 
3.12 
3.97 
4.00 
2.52 
2.83 
2.07 
L74 



Milwaukee. 



Temp. 



21.39 
25. 22 
32.81 
43.36 
52.95 
63.60 
69.86 
67.61 
6D.99 
48.78 
37.10 
25.38 



Bain- 
falL 



1.88 
1.27 
2.41 
3.15 
4.29 
2.98 
4.79 
3.20 
4.65 
3.18 
2.16 
L75 



Months. 



January .. 
February . 

March. 

April 

^y 

June. ..... 

July 

August . . . 
September 
October... 
November 
December 



Mosinee. 



Temp. 



13.24 
17.67 
25.38 
45.33 
5&60 
66.20 
67.80 
62.08 
59.13 
44.00 
31.75 
16.75 



Bain- 
t'alL 



Plymouth. 



Temp. 



16.45 
19.94 
25.75 
40.54 
51.39 
64.67 
69.95 
65.72 
58.34 
44.08 
34.82 
20.77 



Bain- 
falL 



1.30 
1.90 
3.40 
3.10 
2.20 
4.60 
3.95 
5.45 
&60 
3.90 
0.85 
L35 



Superior. 



Temp. 



1L56 
14.17 
22.22 
36.76 
47.03 
57.53 
64.52 
63.70 
53.01 
43.15 
30.38 
13.74 



Bain. 
ML 



0.95 
1.44 
1.45 
2.07 
2.62 
2.34 
3.15 
3.19 
3.66 
2.67 
L31 
0.79 



"Weyauwega. 



Temp. 



15.72 
18.83 
27.54 
44.25 
56.82 
67.70 
70.33 
66.51 
62.75 
44.78 
32.56 
23.42 



Bain- 
falL 



3.72 
0.65 
2.85 
2.04 
0.94 
6.30 
6.20 
5.35 
&63 
5.50 
0.10 
L07 



IOWA. 



Months. 


Guttenberg. 


Months. 


Guttenberg. 


Temp. 


Bain fall. 


Temp. 


Bainfjftll. 


Jaunarv 


15.87 
20.64 
25.88 
44.80 
59.33 
68.55 




J"ti1v . 


66.28 
69.90 
. 64.98 
46.56 
34.92 
16.77 

• 




February 




Aui2ru8t 




March 


' 


Sentember 




April 




October 




May 




November 




Jane 




IJpc^'mber .....-.^-r..... 










• 



MINNESOTA. 



Months. 


Afton. 


Beaver Bay. 


Burlington. 


Forest City. 


Fort Bipley. 


Temp. 


Bain- 
faU. 


Temp. 


Bain- 
fn.11. 


Temp. 


Baln- 
faU. 


Temp. 


Bain- 
faU. 


Temp. 

1 


Baln- 
faU. 


Jaoiiarv 


11.78 
14.77 
20.17 
42.88 
56.09 
66.12 
70.23 
66.05 
50.86 
42.58 
32.43 
14.99 





12.87 
14.37 
22.36 
86.22 
47.02 
55.92 
62.03 
6L62 
52.76 
41.56 
30.96 
16.82 


2.61 
0.86 
1.82 
2.78 
8.29 
2.76 
2.65 
3.15 
3.10 
2.15 
1.02 
•LOl 


17.57 
14.25 
29.86 
34.86 
47.09 
55.91 
62.52 
62.04 
54.38 
41.63 
28.69 
13.34 


1.51 
1.71 
2.26 
2.47 
6.47 
4.33 
5.42 
4.75 
3.48 
4.24 
2.34 
L37 


10.18 
15.60 
27.87 
43.36 
57.06 
66.40 
60.08 
66.89 
57.83 
44.79 
30.21 
15.47 


•••«•• 


7.41 
11.89 
23.98 
40.82 
54.80 
65.97 
70.50 
66.18 
56.52 
44.77 
28.26 
1L08 




PftbXTllirV ..r--'rrrtr«*-«.«riT' 




March.. 




April 




May 




June 




Julv 




Anenst 




Sentember 




October , 




November .............. 




December. 
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Table thawing the maniMy averages of temperature and rainfall, 4^o, — ContiBmed. 

HINNBSOTA. 




Montiu. 



tTanuary 

February 

Harch 

April 

May 

June .*., 

July 

AugOBt 

September , 

October , 

UTovember 

December 



Hennepin 
Connty. 



Temp. 



1L60 
28.00 
34.10 
41.30 
68.00 
67.10 
M.50 
67.20 
67.30 
47.70 
8a 40 
9.30 



Bain- 
faU. 



Koniska. 



Temp. 



12.01 
13.17 
26.21 
48.38 
67.12 
63.15 
68.24 
62.68 
67.68 
40.07 
30.40 
16.86 



Bain- 



Saint Joseph. 



Temp. 



-1.18 
6.83 
20.62 
48.16 
62.28 
66.77 
68.80 
66.63 
64.68 
46.10 
26.01 
13.86 



Bain. 

falL 



Saint Fanl. 



Temp. 



11.87 
16.94 
2a 06 
43.04 
67.47 
66.66 
70.64 
6a 81 
6iB.80 
44.09 
82.66 
ia96 



DAKOTA. 



Months. 



Jannary ... 
February . . 

March 

April 

May 

June 

Jnly 

Anffost — 
September . 
October.... 
November . 
December. . 



Fort Bansom. 



Temp. 



a98 
10.20 
ia42 
4a 73 
60.07 
66.62 
70.34 
65.27 
57.41 
39.16 
28.03 
ia96 



BainfalL 



Fort Totten. 



Temp. 



-0.62 
7.41 
ia47 
4a 19 
69.22 
67.62 
69.59 
65.82 
5a67 
3a 33 
27.57 
12.48 



T^^TifaTl 



Fort Wadsworth. 



Temp. 



a21 

a 48 
ia96 

40.22 
65w33 
6a 17 
7a 89 
67.27 
5a 99 
43.45 
80.40 

laoi 



BidnfiA 



CALIFOBNIA. 



Months. 



JaDuary .. 
Febmary. 
March.... 

April 

Mky 

June 

Jnly 

Angnst... 
Septembo: 
October. . . 
Kovember 
December. 



Alcatraz Isl- 
and. 



Temp. 



68.18 
64.82 
54.69 
5a 49 
5a 94 

saoi 

57.77 
67.80 
6a 40 
60.81 
6a 99 
6a 18 



Bain- 
fftU. 



a 10 
2.85 
1.20 
a 45 
a 25 

a 08 
ago 
a 00 
a 00 

0.19 
L12 
4.98 



Angel Island. 



Temp. 



50.58 
53.04 
5a 16 
5a 10 
60.13 
61.51 
63.91 
68.14 
62.71 
6L05 
5a 27 
62.66 



Bain- 
faU. 



Benioia Bar- 
racks. 



Temp. 



47.48 
5a 94 
53.93 
5a 34 
60.92 
66.47 
67.78 
6a 75 
66.18 
68.82 
66.27 
47.88 



Bain- 
£ftU. 



a66 

2.00 
a53 
L68 
a 65 

aid 
ao8 
a 02 
a 09 
a 46 

1.80 

a 11 



Camp Lincoln. 



Temp. 



46.70 
4a 49 
4a 03 
54.92 
68.11 
67.75 
62.02 
5a 82 
58.35 
56.47 
61.54 
4a 88 



Bain- 
fall. 



2a 28 

11.29 

4.59 

iao6 

a 60 
1.12 

a 05 
a 00 
a 76 

L84 

iai7 
ia89 



Fort Bragg. 



Temp. 



47.60 
47.17 
4a 11 
60.19 
54.86 
67.98 
69.64 
67.34 
67.81 
64.13 
49.66 
4a 27 



Bainr 
faU. 



u 
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gea of temperature and rafnf off, r4'0»--^a$Cbbxu^ ^7 
CALIFORKIA. / y '^'/ 7 



Konths. 



'January .. 
tebmary . 
Karch.... 

April 

May 

Jime 

July 

August . . . 

September 
October... 
November 
December . 



Port Etmii' 
boldt. 



Temp. 



47.20 

47.56 

40.22 

51.84 

55.00 

58.20* 

58.00 

58.15 

67.07 

64.05 

5L26 

4e.l7 



Saiii' 

fElll. 



6.78 
6.06 
6.80 
2.82 
1.24 
0.47 
0.10 
0.07 
0.50 
1.78 
4.13 
7.50 



Fort Point. 



Temp. 



50.60 
51.81 
63. 1^ 
66.52 
67.61 
58.03 
60.86 
58.84 
50.81 
58.36 
66.44 
62.22 



Bain- 



6.03 
3.10 
2.12 
1.50 
1.66 
0.00 
0.00 
0.00 
0.50 
0.27 
2.60 
0.00 



Fort Boss. 



Temp. 



47.18 
48.04 
40.06 
51.26 
65.32 
56.00 
67.82 
58.30 
55.07 
63.42 
60.00 
48.01 



Bain- 



Fort QCer- 
Waw. 



Temp. 



48.72 
47.84 
40.16 
5L70 
54.36 
50.63 
60.70 
60.02 
60.02 
64.01 
80.41 
46.11 



Bain- 
fUL 



0.07 
a 78 
4.50 
6.07 
8.63 
0.18 
2.41 
0.71 
a 81 
6.64 
12.71 
1L52 



l^owVlfl. , 



Temp. 



32.54 
36.14 
4L00 
47.07 
63.04 
60.60 
6a 07 
64.71 
60.08 
50.15 
4a 67 
83.72 



/ 



7r«^ 
a 06 
a 21 
a 20 

L08 

1.00 

2.40 

1.13 

1.63 

2.41 
12.10 
1L63 



/ 



Months. 



January . . 
February . 

March 

April 

May 

Juno 

July 

Auinist — 
September 
October .. 
Jfovember 
December . 



Monterey. 



Temp. 



50.04 
50.36 
62.13 
54.56 
67.05 
68.67 
60.06 
00.47 
50.06 
57.04 
54.01 
60.14 



Bain- 
fiill. 



1.68 
1.60 
a 27 
a 68 

a 63 
a 13 
a 08 
a 00 
a 01 
a 33 

1.31 
2.72 



New Sen Di- 
ego. 



Temp. 



64.50 
5a 01 
67.30 
60.86 
66.38 
67.67 
68.71 
7a 00 
6a 18 
65.16 
60.80 
5a 30 



Bain- 

fBll. 



Presidio. 



Temp. 



4a 60 
51.01 
62.34 
54.62 
66.87 
66.01 
57.62 
67.87 
60.13 
5a 01 
54.70 
50.25 



Bain- 
fall. 



San Francisco. 



Temp. 



4a 81 
6a 81 

6a 24 
66.24 
5a 40 
57.00 
67.08 
6a 24 
60.73 
6a 82 
64.80 
60.66 



Bain* 
fidL 



a 06 
4.44 
2.66 
1.50 
a 40 
a 06 

a 00 
a 08 
a 08 
a 80 
a 01 
a8o 



Yerba Ba«ia 
Island. 



Temp. 



67.07 
62.17 
6a 06 
6a 86 
67.27 
6a 38 
61.80 
60.70 
6L17 
6L02 
57.40 
60.46 



Bain- 
&1L 



We see from this that the sections of the United States most favora- 
ble to beet-root culture are confined to the north, including New Eng- 
land, New York, a narrow band south of the lakes, Michigan, parts of 
Wisconsin, Minnesota, and Dakota. Here the line of the southern 
limit passes into the British possessions and enters the United States 
again in Washington Territory, and, crossing Western Oregon, passes 
to the coast to the extreme north of California. In most of this band 
we find a favorable temperature, and the average rainfall is suf&cient in 
quantity, but we are unable to make any observations concerning the 
number of rainy days. ' In California, as the tables will show, the tem- 
perature is sufficiently moderate, but, from examination of the figures 
for the stations for which the rainfall has been recorded, we find it to 
be remarkably deficient. Here, in order to make the culture a success, 
it would appear that the intervention of irrigation during the summer 
months would be an absolute necessity. 

We also note a few counties in the southwestern portion of Pennsyl- 
vania, and one county in Ohio, without the general band, where suitable 
meteorological conditions seem to exist. These counties are surrounded 
by the red line in the more detailed map that has been prepared, show- 
ing the county lines near to or over which the line of the limit of favor- 
able meteorological conditions passes. This map is intended for more 
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ready refereuce for those who may contemplate establishing the culture 
in the sections in the near neighborhood of the line. 

Kow, I do not mean to assert that the band of codntry I have thus 
plotted on the map is exclusively that in which the introduction of beet- 
root culture may be attempted with prospects of success, but it is cer- 
tain that within this band the chances of success are greater than they 
are without it, and it also appears that all the unsuccessful attempts* 
that have heretofore been made to establish the industry have been at 
points without it. It is therefore advisable that farmers or manufactur- 
ers who may design entering upon the prosecution of this industry should 
study with greatest care these influences which operate with so much 
benefit or injury upon the profit of the crop. It is evident from what 
precedes that the beet requires a cool or at least a moderate season for 
suitable progress in development, that it may not reach maturity in ad- 
vance of the time for working it into sugar, and under the influence of 
the rains and elevated temperature of the autumn months enter into a 
second growth, thereby destroying the valuable constituents which ren- 
ders it so desirable as a sugar-producing crop. 

In this connection it has been suggested that in sections of protracted 
warm seasons, when the root will develop and attain fuU maturity in 
August, and during the summer drought, the crop could be taken up 
before the appearance of the autumn rains, and by slicing and drying 
the roots preserve them until the arrival of the proper season. This 
mode of procedure has ^n fact been recommended to the agriculturists 
of the south of France, and has, it has been stated, been the subject of 
experiment in Algeria. The method has the objection of being a rather 
precarious one on account of the chances of the crop being caught after 
a long-continued drought by late heavy summer showers that would 
prove almost as injurious as the autumn rains, t 

After the directions given by Briem and others it is scarcely neces- 
sary to recapitulate here the meteorological conditions which appear to 
be required by this culture, yet the conclusions arrived at from our 
study of the subject, in addition, may not appear superfluous. The 
conditions, then, are in general, comparatively dry and warm spring 
months during the time for preparation of the soil, planting, and culti- 
vating the crop ; moderate temperature, abundant and frequent rains 
during the summer months, the time for ultimate development of the 
crop and its valuable constituents ; cool dry fall, the time for ripening, 
harvesting, and storing the crop. If these conditions prevail, the results 
will be good; otherwise they will be but medium or even bad. 

*The locations of these attempts are indicated by a red cross in the detailed map. 
t The experiment of drying beets for preservation in Maine, in the fall of 1878, 
proved qnite disastrous finanoiaUy for those who engaged in the enterprise. 



CULTURE OP THE SUGAE BEET. 



71 



OHAPTEE IV. 

VAEIETIES OF BEETS GROWN IN FRANCE— THEIR CHARACTERS, MODE 

OF SELECTING, ETC. 

The importance of the variety or race of the beet to be grown for sugar 
cannot be questioned. A beet giving a large cultural yield rich in 
sugar involves no more cost to the grower in its production than one 
giving a small yield and low saccharine value. It is therefore useful to 
choose those which will give the greatest returns and be at the same 
time the most satisfactory in every way to the grower who must pro- 
duce them and to the manufacturer who must extract the sugar. 

For the latter it is admitted that the raw material — ^the juice of which 
contains the smallest percentage ofmineral and organic impurities, other 
things being equal — ^will give a largeryield of sugar than juices in which 
these constituents exist in larger proportions, and it is well known and 
generally understood that these favorable conditions are found in roots 
of moderate size more frequently than in large ones. Thus Briem* says, 
"The size of the beet is in the inverse ratio, of its content of sugar and 
i^lts ; the content of water increases witji the size and weight of the 
beet" ; and Champion and Pellet state t that beets of good quality gen- 
erally have an average weight of 700 to 800 grams (IJ to If pounds), 
and this size seems to be generally adopted as the most favorable by the 
best authorities on beet culture in France and by the manufacturers al- 
most unanimously. 

The rule that the smaller the beet the richer in sugar appears to find 
illustration if not complete confirmation in the results of examination of 
the beets submitted by Professor Deherain J to experiment at the college 
farm at Grignon, and produced from seed furnished by Vilmorin, An- 
drieux & Co. 





Improved exposition 
beets. 


Tmproved beets No. 

848. 


Pink top beets, Ver- 
ri^res. 


Pink top No. 34. 


Number. 


Weight 
of beet. 


Per cent, 
of sugar 
in juice. 


Weight. 


Per cent, 
of su^ar 
in Juice. 


•Weight. 


Per cent, 
of susar 
in Juice. 


Weight. 


Per cent, 
of sugar 
injnice. 


1 


' Chramt. 
395 
365 
720 
600 
620 
740 
1,130 
850 


18.1 

ia7 

16.4 
16.6 
15.0 
13.9 
13.4 
13.2 


Chramt. 
282 
330 
660 
450 
385 
335 
560 
580 


20.0 
20.0 
18.8 
18.7 
18.4 
18.4 
17.7 
16.9 


Ortrnis. 
980 
460 
630 
627 
890 
1,150 


13.10 
12.05 
1L30 
10.00 
0.84 
9.20 


Chrams, 

530 

622 

837 

1,115 

1,040 


13.75 


2 


13.10 


3 


12.50 


4 


1L25 


5 


10.00 


6 




7 






8 






« 














Averages.. 


677 


15.5 


447 


18.6 


789 


10.91 


828 


12.24 



* Journal des Fabricants de Sucre, October 23, 1878. 

iLa Bettrave ^ Sucref p. 98. X Annates Jgrtmomiques* 
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The form of the beet seems also to be an important feature in the con- 
sideration of the proportion of sugar to be obtained, and Champion and 
Pellet further state,* concerning beets of good quality, " their form is 
elongated and tapering." This admits of more thorough penetration of 
the root in the soil, more complete contact with the nutritive elements, 
moisture, &c., insures the plant against variations of existing conditions, 
and consequently a healthier state, from which must naturally follow a 
better quality. 

Corenwinder and Contamine t find that there is a relation between the 
size of the leaves and the richness of the roots; that roots which bear 
leaves of broad surface are generally more rich in sugar than those hav- 
ing small leaves upon a contracted top, and these facts are confirmed by 
analyses of subjects taken from the same field. At the same time De- 
herain concludes from his researches |: that the weight of leaves of small 
beets is relatively greater than is produced by larger ones. The rela- 
tions found are as follows : 



Variety of beets. 



PinktopO 

Fink t<^ EnteiT6 
Impioved 1,003 . . 
Improved 027 



Weight of 
leaves. 



Chrams. 
281 
376 
631 
631 



Weight of 
roots. 



Qrtmu. 

1,893 

084 

863 

787 



Sugar in 100 
of jnioe. 



9.94 

14,4k 
14 78 



In connection wiUi this relation, ^between the size and richness of the 
sugar beet and the number and weight of leaves they bear Champion 
and Pellet § give the following figures:' 



Variety of beets. 



nnproved Vihnorin 

Simon Legrand (choice) 

Ordinary of sagar fEkctories 



Pounds of leaves 
per 100 of roots. 



66 
33 
20 



Per centw of sngar 
in beet. 



14.5 
13.8 
11.8 



Beets produced in special cultures. 



Variety. 



Ordinaay seed, special cnltare . . 
Ordinary seed,' ordinary cpltiire 



Boots. 



Poundsi 
100 
100 



Leaves. 



Pounds. 
52 
28 



Per cent, of 
*togar. 



13.2 
11.8 



* La Bettrave d Sucre, 
t Ih.j t III, 98. 



t Annates Agronamques, t. IV, 380. 
$ La Bettrave d Sucre. 
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Other teste gave— 

Percentage of sngarin roots: 

Wdght of leaTes per lOD pcnmds. 

15.4 58 

15.2 63 

14.1 , M 

14.7 ... 62 

13.1 31 

13.8 -■ 26 

13.5 36 

12.4 25 

11.8 36 

These are the principal external characteristics which seem to have an 
influence apon the compoBitioo and value of tlie beet, and, for the de- 
scription of the varieties finding greater favor in France and most ex- 
tensively grown we shall quote &om the writing of Mous. H. YUmorin. 

It is generally admitted that the sacohaiioe tichneea of heete is iorersely pro- 
portional to their Tolnme. Taken in a general way this piopoeition expressee 
a truth, bat it is ceitain that Belectioa Judiciously applied may canse a vaiia- 
tion of this relation, and enrich a given race of beets witliout diminishing either 
the Tolnme or the yield. It is in modificatione of this kind that we ehoald seek tlte 
practical improvement of the beet, and the end proposed is to create, at different 
degrees of the scale, races of beets nniting with a given yield the maximnm saccharine 
richness compatible with that yield. 

The Bearcb for a beet which shows at t^ same time a maximam of product and a 
maximum of richness ie a cfaimeia, and the soonei its pursuit is relinquished the 
more will disappointment and useless endeavor be avoided. In fact, high saccharine 
richness is neoessanly allied to a great abandonee of leaves and rootlets, and beets 
rich in rootlets and leaves cannot become volnminons without becoming deformed and 
losing the external qualities of regularity and cleanliness wMch are in a great meas- 
ure indispensable to a good race of sugar beets. 

Starting out, therefore, with the idea that the different circnmstanosa in which the 
manufacturer or the grower finds biniBelf placed demand 
different beets, let us examine the really known varieties 
and what tbey may beiicme under the influence of skilfully 
applied selection. 

The White Silestan sugar beet (Fig. 1), origin and jMint 
of departure of all the other varieties, is still preferred above 
all in a large part of Europe. It is a race of medium size, 
almost entirely buried, with white skin, slightly wrinkled, 
leaves latbor spreading than erect. It is rich in sngar, gen- 
erally containing 12 to 14 per cent. Its yield in good con- 
ditions is about 20 tons per acre. It is perfectly adapted 
to close culture, and does not require very deep soils. Cul- 
tivated in France for some yean, it has increased in volume, 
and has come to yield easily 22 to 23 tons per acre. Now 
that there isat«ndency toretumto beets rich in sugar, the 
accliataled while Gerwan beet is one of the varieties moat 
recommended. 

Of this there exist several sub-varieties, obtained by se- 
lection. We cite among the most distinct tbe Magd^urg, 
rather smalli but long and very tegular ; the Breslau, shorter 

and more swollen ; the Imperial beet (Fig. S), obtained by ^°- l.~W}iile SOeiian BteL 
Knauer, which is long, regularly tapering, having the form of a carrot, foliage light- 
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colored, curly, and apptoiuliiitg the groond; the Ehotoral, of ttie same origin, more 
(gonflte) swollen, larger, and more ptodnctive, hut slightly leas rich than the Ijuperial. 
The grteti-top sugar beet, a Fienoh race (Fig. 
3), is in much less fa- 
, ? TOT to-day than it 

was fifteen years ago. 
It is, however, an 
excellent race, larg- 
er, better fbrmed,- 
and smoother than' 
the Silesian beet. ' 
The top, which pro- 
trudes ftom the earth 

couple of inches) 
only, is colored 
green; the root is 
long, smooth, and 
white. This variety 
may give as high aa 
25 tons per acre, con- 
tainingftom 11 to 14 
per cent, of sagar. 
Uanuf^tnrers who 
». o I _! 1 •> . have coutinaed to 

"'■■'-'"'-"''"' .^ii™t«itb.™hri »».■.-«»»<,*-.. 

reason to be satisfied with it. We have known its yield in sugar to be as high as 3.69 
tons of 2,000 pounds per acre. 
The French pinfc-top beet (Fig, 4) is that which has been most 

generally grown for years. 

The favor accorded it is jns- 

tifled by a collection of 

qnalities which seem, to 

make the race the most ad- 
f vantageons of all, in the 

ordinary conditions of the 

cnltui'e of our country. In 

fact it nnitea great vigor, , 

which admits of its yield- 
ing StI to 30 tons POT acre, 

with a generally regular 

form and a very satisfactory 

richness, which varies from 

10 to 13 per cent, of sugar; 

i t is at the same time capa- 
ble of easy preservation. 

The foliage is vigorous and 

abundant, and the top pro- 
trudes slightly from the 

ground in such a way as to 

facilitate pulling without 

diminishing the saccharine 
Bio. 4.— Pii.i*ip BetL quality of the root. The ^^- s—^ay-Uip BmL 

largest yields per acre we have ever hnown have been obtained with this varietrf. 
We have known a prodnotion of 3,% tons of sugar per acre. 
The jray-Iop beet 01 the pinJtitA^raji beet of the North (Fig. 5), is of all othOTs the 
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moat perfect as to form and the most prodnotivB. It has bat few leavea, and very 
nearly one-foDith the length of the root is above gionnd. This part is gray, greenish, 
or brown; is clean and smooth like the hnried portion, which iamore orleeapink. On 
the other hand it is the least rich of all the sugar beets, and is at present almost nni- 
vera^t J proscribed by manufacturers. We believe the sentence rather severe, because 
the gray-top beet is capable of giving, by means of a Buitabl© culture, yields of sugar 
per acre which rival those of other races, and we believe it may be sufficiently im- 
proved with regard to the richness withont losing its qualities .of fiirm and volnme. 

The white improved Vilmorin beet (Pig. B) descended directly ii»m the whit« Si- 
lesian, was brought by Mons, L, Vilmorin, by means of selection, to present, after 
several generations, a cichneas of 15 to 18 per cent, of sugar. This 
has been its condition for long years, and experience proves that 
it wowld be chimerical to endeavor to obtain greater richnesB, be- 
canse the plant wonld then cease to grow with sufQcieut force. 
Efforts have tended in these latter years toward the improvement 
of the form and increase of the product, and important progress 
has been realized in thisdirectioo, siaco the improved beet, which 
was repreeented at the beginDing as giving per acre a prodoct of 
8 to 10 tons, containing 15 to 16 per cent, of sugar, has given in 
late yields of 18 to 20 tons per acre with a richness in sugar vary- 
ing ftom 16 to IS per cent. 

This race has always been considered particularly snited to spe- 
cial conditions of culture and manufacture which are not those 
of France ; it seems to us, however, that, in consequence of the 
modifications to which it has been submitted in later times, and 
which have increased its volume and its yield, it may be adopted 
in certain cases, even in onr country. By growing it very closely, 
the inferiority of its volume as compared with that of other lacee 
is ID great part compensated for, and on the other band it has been 
proven by numerous analyses, especially in the competitive exhib- 
itions of beets at Arras and Senlis, that this race surpassed allfig, g r^yamorin't Im- 
others, not only in saccharine richness, but also in the purity of prmrtd Beet. 
its Juice, which contained less of ashes and salts than that of any other variety, an 
advantage of vety great importance. 

This brings us to the consideration of the internal structure and com- 
position of the beet, which, like the external charaeteristics, may natu- 
rally be modified by the conditions of culture and nutrition to which the 
plant is subjected. 

The structure of the root has been the subject of careful study by M. 
Decaiene, the able director of the Department of Vegetable Physiology 
of the Jardin dea Plantes at Paris, and he has made a complete micro- 
scopic examination and consequent description of the minute anatomy, 
but in this report we shall notice only those physical characters which 
are manifest to ordinary vision, and the relations they bear to the eco- 
nomic value of the root. It is this part of the subject that has been 
worked up by Payen, who called attention to the appearance of the 
alternate opaque and transparent bands when tlie root Is sliced in the 
direction of its longer axis, and of similar zones when cat in the direc- 
tion of its shorter axis. Of these, he shows that the former or opaque 
zones are the richer in sugar, and in his memoir on this subject he says :' 
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If a root b6 out in the direction of its length and throngfa its center. It shows the 
section represented in Fig. 7. hhh are the parts containing the sngar. They are dis- 
tinguished by their more decided white appearance ; all the tissae which separates 
them is grayish, and contains little or no sugar. This is proven by chemioal tests, by 
cnprio liqnor among others, or even simply by the taste. 

Champion and Pellet state • that — 

If very thin slices of pink beets be used, after a t&w minntes' exposure to the air, 
the zones pointed out by Payen may each be subdivided into two different nines, sep- 
arated from each other by a series of black points (tubes) distributed in the form of 
circles, and seeming to correspond with the leaves. 

The stractore would then be as follows: 1, opaqae zone; 2, trans- 
parent zone; 3, opaque zone; 4, zones of vascular tissue; 

The formation of these zones seems to be in some way allied to the 
production of leaves, as well as the increased proportion of sugar con- 
tained in them, for Bretschneider noticed a relation between the number 
of leaves and of the concentric layers, and Gkmdichaud found that ^*the 
leaves of beets correspond directly with the different zones of vessels in 
the roots in such a way that the appearance of new leaves should always 
give rise to new zones of vessels "^ while in connection with the above 
facts Champion and Pellet give the following figures, showing the rela* 
tion between the percentage of sugar in the juice, the number of leaves 
on the plant, and the number of zones in the root : 



Seed- used. 



Vilmorin seed 

OzdinMy seed of the Victories i 



\ 



§1 



QQ 



16.7 
14.8 
18.8 
19.2 
1L5 



I 

Is 



42 
89 
81 
23 
19 



s 



o 

I 



48 
36 
32 
28 
20 



Payen's notions found support in the results of examinations of the 
parts made by Joulie, Yiolette, and others. Notwithstanding the earlier 
statements of Yiolette, he has published results of analyses showing that 
the percentage of sugar in the several parts varies inversely with the 
distance of the part &om the longitudinal axis, and that the higher 
percentage is found in the opaque zones. Thus the same, beet gave 
the following figures : 



Translucid zones . 



Opaqne. zones. 




Jn his earlier work, Yiolette found little difference in the quantity of 
sugar present in the two kinds of tissue, but the notions tiien obtained 

* La Betlrave d Sucre, p. 58. 
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,— Yeitioal section of beet root to show anatomlcKl stnictiire. 
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from it with reference to the location of albuminoids and salts have re- 
ceived full confirmation in his own later work and in that of Professor 
Joulie. Thus, he stated — 

The former (the translacid zone) appears to contain the higher proportion of min- 
eral matters. The proportion of chlorides may be eight times as great ; organic, nitric, 
and phosphoric acids are about eqaivalent, but sulphuric acid is much more abundant 
In the sacchariferous tissue, probably on account of the predominance of the albumi- 
noids. 

The distribution of the albuminous matters and salts is shown in the 
following statement giving the composition of the translucid and opaque 
zones : ^ 



Zones. 



Opaque zones — 
Translncid zones. 









'S 


S*^ 








d*^ 


s 1 






4i 


i^ 


§s 












«2 


4 


1 
1 


Nitrogen 
norm 


Nitrogen 
per cei 
matten 


11.27 


o.e3 


5.5 


0.263 


1.643 


10.00 


0.84 


8.4 


0.230 


1.430 



Is 






a 






14.5 
14.3 



Yiolette also found a higher percentage of sugar in the lower portions 
than in the upper portions of the root, and Joulie found that the tops 
contained less of nitrogen than the lower extremities. Thus Violette, 
cutting the root in several slices, beginning at the top, found them to 
contain, respectively, of sugar the following percentages : 

Per cent, of sngar. 



First slice . . . 
Second slice. . 
Third slice... 
Fourth slice.. 
Fifth slice . . . 
Sixth slice ... 
Seventh slice. 



10. 42 
10.54 
10.70 
10,80 
10.94 
11.11 
11.33 



And Joulie found : 



Percentage of nitrogen 
in normal matter. 



Tops 

Extremities of roots 



0.30 
0.33 



0.295 
0.260 



The relation between the nitrogen and the sugar content of beets has 
been completely confirmed by the further results obtained by Professor 
Joulie in the analysis of beets grown under different conditions, as 
ilhistrated in the following table : 



From plots having received no nitrogen 



Plots having received 57 pounds nitrogen per acre 



Bichness of 


Per cent, of 


beets in 


nitrogen in 


sugar. 


beets. 


12.55 


0.264 


13.58 


0.308 


16.24 


0.515 


1L06 


0.S62 


1L59 


0.387 


12.97 


0.429 


14.98 


0.472 
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This relation exists not only in the stracture of the root, bnt also in 
the jaice after its extraction. 

Eelation heliDeeti eonteitt of nitrogen in the beet» and in the juioe. 



Per cent otBugw 
In beet. 


Parts of gnottr In 
100 of Jnlcs. 


'™i'.?£r 


tOT 100 of Juice. 


for 100 of Jnlce, 


14.4 


lfl.0 

1S.T 
12.a 

10. S 


0.30 
0.80 

0,17 






12.4 


O.SS 
0.M 


1.88 

IBS 










0,12 





Or, calculated for 100 of sugar contaiued in root or jnlce : 





SngBTper 


"•«-• 


froot. 


I 


13.9 



























p 
II 

|S5 



The mineral matters, it appears from the above analyses by Yiolette, 
exist in larger qnantities in those portiona of the root which contain the 
higher percentages of sugar, but this relation does not appear to hold 
for entire roots — that is, comparative estimations of sugar and ash in 
different roots does not seem to establish a lower percentage of ash in 
roots containing tolerably high percentages of sngar, and that for roots 
varying In saccharine richness of from 10 to 11 per cent, the projtortion 
of mineral matters present will not vary widdy from 0.90 per cent., and 
this view is supported by the figures given by Champion and Pellet.* 



( 






Sngar In beet. 


Ash In beet. 


t-"" "" 




Ptretnt 
































































0.4 


0.74 


7.1 


7.6 
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Bat this latter relation will not hold good for the juice after, extrac- 
tion, as appears from the following table: 



Blobnem of 


Aah pear 100 

imlnfnAA of 


Ash oompared 
with m of 


juioe. 


juice. 


sagttr or sa- 
line quotient. 


1&2 


0.78 


4.7 


14.9 


0.81 


4.8 


14.7 


0.78 


fi.8 


14.2 


0.78 


6.4 


18.4 


0.77 


6.9 


18.2 


0.76 


'&2 


12.6 


0.77 


• 6.1 


12.2 


0.79 


6.1 


11.8 


0.76 


6.6 


11.7 


0.79 


' 6.8 


11.6 


0.80 


6.9 


10.7 


0.78 


12.8 


9.9 


0.72 


14.6 


9.7 


a 71 


15.6 


&0 


0.76 


12.2 



This question of the mineral constituents of the root, and the infla- 
ence they exert upon the production of sugar and its extraction from 
the root, is an exceedingly important one and merits careful study. In 
*this report it will be further discussed in the consideration of the fertil- 
izers suitable to the crop, and the time and manner of their application. 
It is, however, proper to state further here, that, of the mineral matters 
present in the root, phosphoric acid and the alkalies, which are the most 
important mineral constituents of artificial fertilizers, that have the most 
beneficial influence upon the value of the crop, seem in the root to vary 
with the richness in sugar, the phosphoric acid increasing with an in- 
crease of the sugar content, and the alkalies decreasing under like con- 
ditions. These facts are fully established in the results of the researches 
of Professor Joulie, shown below : 



N6. 1. Plot having leceived no phosphoric acid. 



Ko. 2. Plot having received, per acre, 58 pounds phosphoric acid 
Ko. 3. Plot having received 116 pounds phosphoric acid per acre. 



Sugar in root, 
per cent. 



12.97 
13.01 
14.98 
11.06 
11.46 
11.59 
12.52 
11.00 
13.24 



Per cent of 
phosphodo 
acid innormal 
matter. 



a 042 
0.039 
0.054 
0.042 
0.048 
0.060 
0.071 
0.053 
0.086 



Plots having received no alkaUes 



\ 



Plots having received 160 pounds of alkalies per acre. 



Sugar in root, 
percent. 



13.58 
14.98 
16.24 
.11.46 
11.54 
13.11 



Percentage of 
potash and 
soda in nor* 
mal matter. 



0.640 
0.415 
0.385 
0.494 
0.480 
0.291 
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But the qnaKitities of alkalies absorbed by the root seem neyer to ex^ 
ceed a certain limit, as shown by Peligot, Oorenwinder, Pagnoul, and 
Leloap, and it Is by no means proportional to the qnantrties supplied by 
the soil, and the quantity of sulphuric acid necessary to saturate or 
combine with the alkalies contained in the ashes of beets will not vary 
much from 58.6 per cent, their weight. This latter relation has been 
fblly established by the work of Dubrunfaut, Oorinwinder, Bagot, 
Ohampion and Pellet, and others. 

Not only is the quantity of alkalies that may be absorbed by beets 
thus limited, but Ghampion §md Pellet have found that the alkalies and 
alkaline earths, in the absence of those best suited to the plant, may sub- 
stitute each other in the proportion of their respective chemical equiva- 
lents, a fact of importance in the study of the chemistry of soils and 
fertilizers. 

Of all the qualities of the root, there is none that would afiord as 
ready and easily applicable a means of separating beets of different 
quality as the density, and this has long been and still is considered by 
many growers a strong indication of the saccharine value, but the best 
authorities seem to consider it a doubtftd one. Dubrunfaut finds this^ 
relation to be materially modified by the presence of air or gases in the 
root. This view is also held by Ohamponnois, who, in examining rooti^ 
produced in the campaign of 1874 to 1875, found that a beet having a 
density of 1.010 may give a juice having a density of 1:050. The fig- 
ures given by Ohampi<m and Pellet are also adverse to the idea. Ex- 
amination of 12 b^ts gave the following : 



I)eii8itTX>f 
jnlei. 



Four samples. 
Two samples . 
Two samples . 
One sample... 
Two samples . 
One samite . . . 




1.048 
L04d 
L062 
1.050 
}*048 
1.06^ 



Oilier tests gave: 



DeDaityof 
root. 


Density of 

Jniee. 


Per cent, of 
sugar in Juice. 


LOSa-LOSO 

1.025 

1.025 


1.058 
1.056 
L052 


U.7 
12.2 
11.8 



Having now studied the internal structure and characters of the beet^ 
and the conditions residing within the root itself, we come to the con- 
sideration of the juice, the quantity that may be extracted^ And its 
composition and value. I do not propose to discuss the complete analyses 
of the juices, but to call attention to some of the later facts that have 
been worked out concerning the qualities which may affect the value or 

6SB 
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may aid in determining it. We have seen above'that the deposition of 
sugar in the roots is almost always accompanied by a proportional depo- 
sition of albuminoids and salts, and also that the relation found to exist 
in the root is continued in the juice after extraction. These conditiona 
have an influence upon the separation of the sugar which the experience 
of the manufacturer has taught him is unfavorable, and they will be 
called up again in the treatment of the subject of manufacturing pro- 
cesses, lyit in the present section we desire to call attention more par- 
ticularly to the quantity of juice that may be extracted, the conditions 
which may modify it, and the density of the juice as influenced by the 
proportion of sugar present. 

Concerning the quantity of jxdce that may be extracted from roots, 
; much will, of course, depend upon the method employed for the purpose, 
'though it is also modified by the character of the roots to be treated. 
It is a well-known fact that rich beets will yield less of juice than poorer 
•ones, a quality governed to some extent probably by the more dense 
<)haracter of the sacchariferous tissue, which is consequently more re- 
Bistant to the rasps in the former than in the latter kinds of product. 
• Dubrunfaut, by observations upon beets grown by Decrombecqne, 
arrived at the following figures for the quantities of pulp left from treat- 
.ment of roots of different degrees of ridiness : 



Bichnessof beet. 


* 

Percent of pulp given. 


to 10 per cent. 
11 to 12 per cent. 
13 to 14 per cent. 

• 


18 to 20 
23 to 25 
26 to 27 



Advocates of various systems of presses claim better results, bat these 
^gures may be accepted as a fair average of the work done on a large 
scale, with the ordinary methods of rasping and pressing now in use. 

For the determination of the value of the juice after its extraction 
"•5?arious methods are employed, and it would seem of value to call atten- 
inLon to them just here, since they must be used in the work the descrip- 
^on of which must follow this. The methods which have found practical 
.application and are most convenient for industrial purposes for esti- 
mating the sugar in juices are respectively based upon the density of 
the juice, the influence of solutions of sugar upon the variation of the 
.plane of polarization of a ray of light passing through Nichols prisms, 
and the amount of cupric oxide which may be reduced to cuprous oxide 
by a given quantity of sugar. For the present purpose the estimation 
-of sugar alone, simply for the determination of the value of the juice and 
»xM)nsequently of the roots, will suffice for all requirements in the work 
«of selection of roots or any matters arising in the commercial relations 
tbetween the grower and manufacturer. 

Complete analyses are needed only in the manufacturing process 
which must always be directed by a practical chemist for whom such 
details would here be superfluous. Determinations by the first method 



CULTURE OP THE SUGAR BEET. 



83 



may be effected by the use of the ordinary hydrometer, the scale of 
which registers specific gravities of from 1,030 to 1,100, or the compari- 
son of the weight of a metallic body taken in the air and immersed in 
the juice may be employed. 

By the first the instmment is immersed in the juice and allowed to 
float until it becomes stable, the mark on the stem to which it descends 
is noted, and the corresponding figure taken to learn the percentage of 
sugar present. The figure thus obtained must be multiplied by the 
coefficients given in the following table, published by Champion and 
Pellet,* or the figures given in the subsequent table and corresponding 
with the density found may be taken to save calculation : 



Deaudky. 



1.040 to 1.046... 
3.055 to 1.050.. 
1.050 to 1.056... 
1.055 to L060.. 
LOeO to L070.. 
1. 070 and above 
1. 080 and abOTO 



4.0to4.6... 
4.5 to 5.0... 
6.0 to 5.6... 
5.5 to0.0... 
6w0 to 7.0... 

7 and above 

8 and above . 



Coefficients. 



S 



1.74 
1.99 
2.08 
2.08 
2.15 




.;jop4 



L72 
1.84 
2.00 
2.08 
2.12 
2.^5 
2.81 



6 

I 



1.78 
L91 
2.02 
2.08 
2.13 
2.15 
2.31 



Be means of the average coefficients, the following table was con- 
structed : 



P 



1.036 
1.006 
1.037 
1.038 
1.038 
1.040 
1.0«L 
1.042 
1.043 
1.044 



o 

U 
§1 

I" 



6.0 
6.2 
6.4 
6.6 
6.8 
7.0 
7.8 
7.6 
7.9 
&2 



1.045 
L046 
1.047 
1.048 
L040 
1.050 
1.051 
1.052 
L053 
1.054 



o 



u 



6 



8.5 

&8 

9.0 

9.3 

9.5 

9.7 

10.0 

10.3 

10.6 

10.9 



L055 
L056 
L057 
1.058 
1.059 
1.060 
1.061 
L062 
1.063 
L064 



Pi 



I 



11.2 
1L5 
11.8 
12.0 
12.3 
12.5 
12.8 
18.1 
13.3 
13.6 



L065 
L066 
1.067 
L068 
1.069 
1.070 
1.071 
1.072 
L073 



% 






18.8 
14.1 
14.3 
14.5 
14.7 
15.0 
16.3 
15.6 
15.9 



1.074 
1.075 
1.076 
1.077 
1.078 
1.079 
1.080 
1.081 
L082 



i 



Ah. 



16.2 

ia5 

16.8 
17.0 
17.3 
17.5 
17.7 

lao 
ia3 



^ 



1.083 
1.084 
L085 
1.086 
1.087 
L088 
1.089 
1.090 
1.091 



o 






18.7 
19.0 
19.3 
19.6 
20.0 
20.3 
20.7 
21.0 
21.5 



These figures are determined for a temperature 9,t 40^ F., and are suf- 
ficiently exact for all practical purposeis. They are modified, however, 
by certain circumstances of culture, such as the nature of the soil and 
fertilizers, and the humidity of the year. It is also a fact that in the 
juice of unripe beets the relation of the density and sugar percentage 
varies from the relations given above. 
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Oorrections for temperature are given lyy Champion and Pellet as fol- 
lows? 





For densities be- 




tTfeen 1.000 and 


Temperature, 


1.100, add to the 


Pahrenheit. 


corresponding 




sngar percent- 




age. 


60O 


0.05 


TOO 


0.00 


80O 


. 0.08 


90O 


0.10 



The method of determining the value of sacchariferoos jnices by means 
of the specific gravity is that which will find widest application and give 
the most satisfactory results in all hands outside the laboratory. - The 
second method mentioned, which is to some extent mechanical in its ap- 
plication, and that may be used with limited laboratory appliances, 
though more complicated than the first, is that depending upon the 
rotary i>ower of sugar solutions, or their power to infiuence the rotation 
of the plane of polarization of a ray of light passing through the Nichols 
prisms. It must be manipulated with care, however,.and gives best re- 
sults in practiced hands. The principal objection to the method is the 
costliness of the apparatus, but its convenience and practical accuracy 
cannot be questioned. Without entering fhrther into a description of 
the principles of the method, or of all of the forms of apparatus which 
have been devised for the determination of sugar by this means, which 
may be found in any of the leading works on chemistry, I will merely 
call attention to the instrument lately devised by Laurent, of Paris, 
which finds such fiEbvor witji all the chemists and manufacturers who 
have frequent occasion to estimate sugar in solutions, and who are dis- 
carding other polariscopes on account of its many advantages. 

Laurent's instrument is a modification of that of Soleil. The differ- 
ence consists in the introduction between the polarizer and analyzer of 
a plate of gypsum or selenite of such thickness as to give to the ray of 
light passing through the instrument a yellow tint identical with that 
of the line D of the sodium spectrum. The plate covers^half the field of 
vision, so that the other half of the field, when white light is employed, 
will have the color complementary to yellow or violet blue. The diffi- 
culty of difTerences of appreciation of shades of color by observers is 
obviated by using the monochromatic light produced by introduetion of 
a sodium salt into the colorless fiiame of the Bunsen burner. The slight 
blue shade of the Bunsen flame, which is decomposed by Hie spectro- 
scope into violet and green, is disposed of by causing the light from the 
flame to pass tiuough a solution of bichromate of potassium, which has 
the well-known property of absorbing the green, blue, and violet rays. 
The Selenite plate takes the place of the quartz prisms of the Soleil in- 
strument, and the analyzer is connected with a metallic circular disc, 
which is arranged perpendicular to the axis of the instrument. The 
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upper edge of the disc is provided with two sets of divisions, one to ia- 
dicate degrees of the circle, and another to indicate hundredths of sugar 
in the solution. This provision renders it possible to use the instrument 
for ordinary polariscopic work other than the determination of sugar, 
while the second admits of reading percentages of sugar without the 
otherwise necessary ciEblculatiohs. The plate is also provided with a 
vernier to assist in reading parts of divisions, and to the vernier is at< 
tached by an arm a magnifying glass to facilitate reading tioie indications, 
and a mirror, so arranged as to reflect the light from the lamp used upon 
the disc, thus obviating the necessity for an accessory light. There is 
also a special arrangement for so turning the Nichols prisms as to ad- 
just them before taking observations, as well as to secure the maximum 
intensity of light when working with colored solutions, thus avoiding 
the decoloration of many solutions before observation that would other- 
wise be absolutely necessary. There are other ingenious mechanical ap- 
pliances connected with the instrument which increase its usefulness, 
but for the further description of the instrmo^at we must refer the 
reader to Maumene's TraiUde la Fabrication du 8ucre, or to the descrip- 
tive circular of the inventor and manufacturer, whose address is Ko. 25, 
rue de FOdeon, Paris. 

The other method for estimating sugar in solutions referred to is that 
depending upon the reduction of cupric oxide to cuprous oxide, and is 
based upon the use of modifications of the well known Tromner's or 
Fehling's solution. The formula more lately employed is that given by 
Yiolette, and is as follows : 

Prepare a solution comppsed of 36.46 grams pure crystallized sulphate, 
of copper and 140 cubic centimeters of distilled water. Then a second 
solution containing 200 grams pure crystallized BocheUe salts and 600 
cubic centimeters of solution of caustic soda at 24^ B. or 1.199 specific 
gravity. • 

When the solution of the two salts is completed (it may be hastened 
by means of heat if necessary) the first is carefully poured into the sec- 
<5nd, interrupting the operation from time to time to agitate the mixture 
in order to dissolve the precipitate which forms. The transfer is com- 
pleted by washing the vessel which contained the first solution with 
distilled water. The mixture is then allowed to cool to 6(P F. and the 
volume is increased to 1 liter. 

One cubic centimeter of the solution thus prepared corresponds to 
0.005 gram of cane sugar. Vogel proposed substitution of elycerine for 
Eochelle salt to render the solution more stable and prevent the gradual 
deposition of cuprous oxide, but this does not seem in all hands to have 
proven effectual. Pellet claims to have devised a thoroughly stable 
solution wMch he prepares by the following formula, substituting eodic 
carbonate for sodic hydrate, and adding a small quantity of ammonic 
chloride. It has the merit of being easily prepaid. It is a modifica- 
tion of those of Fehling, Yiolette, Possoz, and others. He uses alkaline 
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carbonate after Possoz and ammonk chloride after Monier, the latter to 
give stability to the liquor. 

The liqnor is made up as follows : 

Take 

Gnuns. 

Pure crystallized sulpbate of copper 68.7 

Rochelle salt 200. 

Dry pore carbonate of soda 100. 

Chloride of ammoniam 6.87 

Mix with 500 or 600 cubic centimeters of water; dissolve with heat 
on a water-bath, cool and make up to one liter ; filter if necessary. The 
standard of the liquor is 10cc=0.65 gram of sugar, but this should al- 
ways be verified. Pellet found in using the liquor that the results 
varied with the volume employed, but is exact for the following vol- 
umes of fluid : 

CaUo* 
OQotiineteKB. 

Cupric liquor -... 30 

Sugar solution with or without water 20 

In its application the copper liquor is mixed with the sugar solution, 
and the whole heated upon the water-bath for half an hour; the pre- 
cipitate is collected upon a filter, washed, the suboxide of copper dis- 
solved in hot dilute chlorhydric acid, oxidized by chlorate of potash or 
permanganate, the excess of chlorine removed by boiling, and the so- 
lution decolorized while boiling with standard solution of stannous 
chloride. 

It may be proper to state here that for estimating sugar in solutions 
by means of the copper liquor the cane sugat must be changed to in- 
verted sugar by boiling from 30 to 40 minutes after addition of about 10 
per cent, its volume of normal sulphuric acid (containing 10 per cent, 
anhydrous acid) and subsequentiy neutrali^ng the acid by means of an 
alkali. The sugar solution is then added to the boiling copper solution 
until complete decoloration ; or, the process reversed, the copper solution 
being added in excess to the boiling sugar solution, and the superfluous 
cupric oxide determined by other methods, volumetrically or otherwise; 
or the cuprous oxide reduced may be collected and weighed, and the 
sugar equivalent calculated from the amount found. 

But, as before stated, we do not propose here to give in full the chem- 
ical methods employed for determining sugar, and we must therefore 
refer the reader to works on analytical chemistry for further details* 

We now come to the methods of selecting seed and seed-bearers, and 
the principles upon which they depend. Of all the experiments and in- 
vestigations in the direction of improvement of this culture, none seem 



« 



Here, as in some other places in this report, I give the value in French weights 
and measures, hecause they are generally employed in laboratory work and are of so 
much greater conveiiience. Apparatus graduated to these measures may be obtained 
from aU dealers in chemical glassware. 
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to have made saoh n^id strides in advance as in this line of work, none 
have given results more fraitful and of a character so well suited to 
ameliorate the relations between the producer and manuflEictnrer, and 
at the same time be a source of profit to both. 

The initiatory steps in this work in France seem to have been taken 
by Mons. Louis Yilmorin, the former head of the great house ol Yihnorin, 
Andrieux & Co., of Paris, and his methods of working, followed by sim- 
ilar results, are still being prosecuted with rare intelligence and skill by 
his son and successor, Mons. Henri Yilmorin, whose contributions to our 
knowledge of this and other cultures have done so much to clear up the 
many difficulties which surround and accompany the profitable manage- 
ment of the several agricultural industries. 

Of the outward characteristics which aid in determining the richness 
of beets, we have found the most important^ as recognized in France, to 
be size and form of the root, its density, the number and appearance of 
the leaves, &c., and aU these properties will be mentioned in the general 
rules for selection. But thus &r we have failed to notice the external 
and internal characteristics of the seed, which have been found to have 
an imi>ortant bearing upon the character and value of the crop ; and, be- 
fore proceeding to the effects of selection in securing desirable crops, we 
shall call attention to the relation of the character and composition 
of the seed upon the quantity and quality of the roots produced from it. 
In this connection we must again refer to the valuable little work of 
Champion and Pellet, in which these authors and investigators take issue 
with, or rather proceed further than, Walkhoff, who advises selection of 
the larger seeds for planting because they give more robust plants. 
This is true as for as it goes, but the authors above mentioned, also find- 
ing the relation of seed to the value of the crop to exist, find further that 
while the larger seeds give roots of larger volume and weight, the smaller 
seeds give smaller roots, which are richer in sugar. Thus taking two 
lots of seeds produced by Simon Legrand, one lot having an average 
weight of 3.2 grams i>er 100 seeds taken, and another lot having an 
average weight of 0.425 grams per 100 seeds, the determination of 
the weight of the roots produced and their saccharine richness gave the 
following results : 



Dates. 



Average 
weight of 
four roots. 



Sugar in 
roots. 



One large seed: 

August 11 

August 20 

August 31 

September 16 

Two small seeds : 

August 11 

August 20 1 

August 31 

September 16 



Oramt. 

66 

75 

125 

876 

30 

50 

75 

233 



Percent 

ii.'4 

ii*8 



12.0* 

'ii"6. 
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Dabmnfant is of the opinion that seeds having the hi^est spedfLc 
gravity are more suitable for planting than those of lowar deDsity. He 
effects a separation by placing the seeds in water and after a time re- 
moving those which float, preserving those which sink to the bottom of 
the containing vesseL He states that the two qoalities oi seed behave 
quite di|ferently both in germination and during growth. Champion 
and Pellet* quote Basset as saying, ^^ It is weU to do the same for seeds 
as is done for roots for reproduction^ and choose the heavier ones, or 
those that faH to the bottom of a bath prepared with water and salt.^ 

The chemical composition of the seed has also been the subject of 
study by different chemists. 

Dubrunfant,t by a chemical examination of the seeds taken firom a crop 
of 30 acres of sugar andforage beets, and fiimished him by the house of 
Yilmorin, Andrieux & Co., in Paris, found that the seeds of the sagar* 
yielding races give upon incineration a smaller weight oi ash than the 
forage races, and the diflferenoes, which vary within certam limits, are 
all, with &w exceptions, in the same direction. Comparing weights of 
seed taken and ashes produced, the proportion for the sugar-fommig 
races varies between 4.50and 6.50 per cent. Theforage races glvefirom 
6 to 14 per cent., making an averse of 7 to 8, which is very diflferent 
ftom the proportion given by sugar-yielding races. 

It also appears that the ash of the sugar-forming races is richer in 
phosphoric acid^ potash, and even magnesia. Thus the seeds of the 
sugar races give 0.004 to 0.008 per cent, of their wdght of pho^horie 
add, while the seeds of forage beets gives but 0.0002 to 0.0005 per cent 
A similar relatiou exists for the potash. Thus for the sugar races a 
snfllicient quantity is always present to develop a green color widi the 
manganese in the ash by fusion, while in the forage races this is not the 
case. Butiftotheashof the latter a small quantity of potash be added, 
the characteristic green cidoration produced by manganese is readily 
developed by the application of heat. 

The conclusions of Dubrun&nt confirm the results of the analyaeB of 
PeUet4 



yflmoirin seed (arsnge) 6L0 

Sugar beets 7.4 

IVoage beeto — 8.0 
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The resoltB ctf the ehemical imolyses of the aahes md aftfrallows^^ ^ ^ 

~ nk ■ I. 11 I ..i.^i ..■> ■ III* I ■- « II I » I. ■ - ii. , I ..-.,,. - v . ^^ » # ■ ' ^ ^ i i »^ i » fc 



Potash ...f. 

Soda 

lime •« 

Magnesia t 

SnlphaTlo aoid, • 

Chforine 

Phosphoxio acid ^... 

Silica , 

Oxide of iron 

Mangauese 

Total 

Bednottoii of oxygen fm oliloifiiie 






Ordinary Med of 

the sugar factory. 



Ko. 1. 



T-nr 



2tl 

ao 

25^4 
13.5 
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On the other hand, seeds of rich beets eontain a higher proportion of 
nitrogen than seeds of xM)orer beets, and at tlie same time small seeds 
contain more nitrogen than large ones, as is evidenced by the following 
results of examinations by Champion and Pellet: 
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These relations between the richness of the beet and the composition 
and size of the seeds, fornish the bases of ready and valaable means of 
selecting the good and separating them £rom the worthless. The method 
recommended is to pass them over a screen with meshes of a given diam- 
eter, which nnfortunately has never been determined, or at least stated, 
and to throw those which pass through in water or a solution of salt, 
rejecting those which float. Those which sink combine the valuable 
properties above described, of smaU size and high specific gravity. In 
the processes of selection as applied to choice of beets for production of 
seed, which ^*eally constitutes the production ot new races, the end 
really to be attained is the ultimate development of a race, or of races, 
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which will at the same time satisfy the demands of the producer and 
the manufactorer ; that is, that wiil give a large 3rield to respond to the 
demands of the former, combined with good quality and high richness 
in sugar to respond to the demands of the latter. In the opinion of 
some of those who have devoted themselves to this work, the hope of a 
result such as we have described must be considered almost useless, if 
we depend upon the root and its characteristics, but much valuable as- 
sistance may be rendered in the attainment of tl\is end, as we shall see 
later on, by the intelligent application of fertilizers to the crop and the 
methods of culture adopted and employed. 

In the earlier experiments in this line, those of Mens. L. Yilmorin, at- 
tention was more esi>ecially directed to the production of very rich beets, 
with no particular care to the size, the desire being rather to obtain 
beets of small size, with tapering form and smooth surface; but the 
late work of all engaged in this kind of experiment and research has 
been directed to the enrichment of races giving roots of larger volume 
and fuller form, making them better adapted to all soils and all methods 
of culture. In most cases, therefore, the work star^ from the races 
most extensively grown. 

Yilmorin began his work by following the method employed in Ger- 
many of taking the specific gravity of the roots by plunging them in 
saline solutions of known density, but he soon found that, in conse- 
quence of the almost constant presence of an internal cavity, this method 
was inexact. * 

Dubrunfaut further explains the cause of the inaccuracy of this method 
in the fact of the existence of air and gases within the body of the root. 
Yilmorin therefore resorted to the method of taking from the center of 
the root under examination a cylindrical portion by means of a cutting 
tube, and determining the density of the portion tbus obtained, in solu- 
tions of sugar of known specific gravity, but these solutions were dis- 
carded on account of their unstable character, and similar solutions of salt 
substituted. But the loss of sugar in the sample by osmosis when im- 
mersed in the saline solutions renders this mode of procedure also un- 
suited to the attainment of the end in view, and he finally turned to the 
determination of the density of the juice itself as the readiest and most 
exact means of determining the sugar content of the sample. The sample 
removed from the beet, furnished on grating and pressing sufficient of 
juice to admit of taking the weight of a metallic cube of known dimen- 
sions immersed in it, frovi which the density of the juice could readily 
be calculated. This method of determination he found to give more 
accurate results than any other when working upon so small a quantity 
of material. 

It is useless to add [he says in his paper read before the jicademy of Sciences in 
November, 1856] that the temperature taken by means of a thermometer with tenths 
of degrees is carried on the register after each weight of the ingot, and that the gange 
of the yasesy the fineness of the suspending thread, and the identity of aU the condi- 
tions of the operation eliminates errors which at first produced certain irregularities 

' the manner of working. 
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Having thus detenxmied the specific prr^'^^ty of the juices of the vari- 
oas beets under examination, those considered worthy of propagation 
are preserved and the others rejected. The surfaces of the wounds pro- 
duced in the beets examined by the removal of the sample is covered 
with charcoal dust, which effectually prevents any decay or deteriora* 
tion in consequence of the treatment to which the roots have been sub- 
mitted. 

This method was employed in the development of the race of beets 
known as Yilmorin's Improved, and it is this method or modifications 
of it, or some additional operations carried on in connection with it, that 
is employed to-day by the most intelligent and responsible producers of 
improved seed in France. 

Mr. Henri Yilmorin, who has succeeded his father in the work, com- 
bines the method with examination of the sample of juice, after the deter- 
mination of its specific gravity, by means of the polariscope, while others 
employ, as supplementary to the method, estimation of the sugar by 
means of the copper test. 

But notwithstanding the unfavorable conclusions concerning the 
method of selection, based upon the density of the roots as determined 
by immersing them in solutions of molasses or salt of differing but 
loiown strengths, it is still ased by many of the leading seed-growers in 
the iNorth of France. M. Demiatte, in an article on the subject of selec- 
tion of seed-bearers, states* that he proceeds as follows, according to 
Brabant's method: Select subjects weighing at least 700 grams (1^ 
pounds). For determination of their density they are thrown into a 
vat partly fiUed with a solution of molasses, having a density of 2.5 de- 
grees by the densimeter; those roots which float are rejected; those 
which partly sink are preserved for the production of seed called No. 3. 
Those which sink completely are thrown into a second vat containing a 
solution similar to that just described, but having a density of 3.5 de- 
grees. Those which float here are preserved for production of seed 
known as Ko. 2. Those which sink to the bottom are of course of the 
best quality, and are used for production of seed Ko 1. 

We have seen that the generally adopted opinion concerning the best 
form of beet to be chosen for production of high yields of sugar is to 
the effect that the long, tapering ones are the most valuable; but this 
opinion is likely to be subject to modification in consequence of the re- 
sults of later observations upon the constitution of the improved varie- 
ties and their power to resist the deteriorating influences to which they 
may be subject in the varying conditions of soil and culture. The taper- 
ing, richer, improved races, descended from German stock, have been 
found more subject to disease in France than the poorer races of the 
country, and M. Decrombecque, at Lens, conceived the idea of incorpo- 
rating within the latter the sugar-producing qualities of the former, and 

* Journal des Fabricants de Sucre, 1879, February 19. 
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at the same time i^taining the hardineBS for which tlie commoner races 
are well known. To attain this end he had recoorse to the method sag- 
gested by Walkhofi^* who believed that the aaccharine richness of beets 
may be improved by crossing, and who was able by osing seeds of Frick* 
enboose, and the metiiod refBrred to, to obtain beets the jnice of which 
marked 18.8 degrees, Balling, and oontaioing 16.5 per cent, of sugar, 
starting with varieties the joice of which showed but 17.8 degrees. Bal- 
ling, and containing 16.35 per 0ent« of sugar. In planting, the roots 
were placed in close contact so tiiat the blossoms touched each other, 
and the slightest agitation was sitfiBci^it to effect the transpcnrtof pollen. 

But the results of the experiments and of the practice adopted by 
Mens. Decombrecquet are rather more striking than those obtained by 
Walkhoff, He noticed when he began his woi^ at Lens that the Silesian 
beet grow^ upon a rather shallow soil, and espedally when manured 
with stable manure containing considerable straw, in the spring (well 
known to be a bad and injurious practice), was hairy, fusiform, and 
wanting in weight At the same time the white beet o€ the country, 
with green top, gray flesh, and obtuse form, flourished and developed 
weU, though remaining pyxiform in the same field in which the ^esian 
fared badly. The question was to produce a beet having the hardiness 
of the one and the richness of the other. He chose fiiom his crop the 
best formed, richest subjects, of gize above Uie average^ well covered in 
the ground, and then, observing the same care, diose specimens of the 
country roots, called toupie (about the poorest of all the beet» grown), and 
the beets thus chosen he preserved for seed. In planting he combined 
them in tbe proportion of five plants of the Silesian with one of toupie. 
In collecting the seed he carefully preserved separately that firom the 
Silesian varieties and that ftom the toupie, and in subsequent sowing 
used only that from the Silesian. He found that the character of the 
Silesian beet had changed, and that the beet had the obtuse form. How- 
ever, after the third year of planting the modified seed, he found that 
the good qualities of the Silesian had disappeared, and he had only the 
low-grade beet of the country. His subsequent practice, therefore, was 
to grow two or more acres of Silesian, and from the crop produced to 
select those he needed for seed, and these roots he mixed with roots from 
the ordinary crop in the proportion of 1 to 3, and thus secured continu- 
ously the hardiness of the one and the richness of the other combined. 

With the indications given by Mons. H. Y ilmorin in his description 
of the leading races of beets grown in France, and the methods described 
in the preceding pages, it will not be difficult for the prospective grower 
to determine the varieties that will be best suited to his purposes, or to 
produce new races through which the results he desires may be obtained, 
but it will not be out of place here to call attention to the experiments 
of Mons. Derome at Bavay (JSTord) made with seeds obtained from various 

* See Xa Jfettraoe d 9uore, par Champion and PeUet. 
t La aucrerie indig^, xiii 434. 
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producers with a view to the deteriniiKKtion of the best varieties for cul- 
tivators to grow in order to sectcre a crop of quality and quantity to be 
sansfactory both to themselves aoid the mauuftu^urer. TMs he conceives 
to be a** variety that wiU give the most sugar per acre, in condition to, be 
flfbst easily extracted in the greatest weight. Without entering into the 
details of his experiments we shall simply give in the following table 
ther names of the varieties of seeds grown and the results obtained : 



Vatietifif. 



irfMW 



T 



1. iions pink tonple /.. 

2. SQeaiao, pink, fcu^onn 

Silesian, pink, f aaiform 

Silesian, white, first choice — 
Silesian, white, -second choice. 
Silesian, white, acclimated. . . . 
Silesian, white, acdJimated — 

White pink top 

White improved 

„. White ^een top 

11. Pink acclimated 

12. Wliite sHesiaai 

13. Pink silesian 

14. Fink silesian 

15. Pink Brunswick 



3. 
4. 
5. 
6. 
7. 
& 
9. 
10. 
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«d3,20$ 
34,210 
32,3Sd 
32,344 
32,266 
35,060 
34,656 
37,627 
32,750 
34,210 
31,083 
82,874 
33,066 
33,400 
31,583 
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Tont.* 
20.1 
18.0 
15. f 
11.9 
16.0 
15.9 
14.9 
1&8 
11.4 
15.3 
13.8 
14.2 
15.1 
17.9 
17.5 
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5.70 
ff.40 
7.15 
5.95 
6.10 
6.15 
6.75 
7.20 
5.90 
5.90 
6.10 
6.05 
6.45 
5.40 
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8. 431 
10.766 
12.841 
13. 769 
10. 921 
1L473 
1L194 
11.538 
11. 368 
10.912 
10. 736 
1L126 
10. 825 
9.957 
9.709 
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$4 00 



4 
5 



64 
64 



6 80 
494 
5 16 
5 46 
70 
02 
88 
88 
10 
08 
36 
32 



$80 00 
83 00 
81 00 

78 OO 

79 00 
32 00 
65 00 
79 00 
78 00 
78 00 
68 00 

78 00 

79 00 
78 00 
75 00 
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Pounds. 
4.69 
6.84 
8. 84 
&27 
6.84 
7.84 
6.97 
6.50 
8.68 
6.89 
6.67 
6.93 
6.69 
0.02 
5.86 



11 

13 



0.94 
1.28 

i.or 

LOO 
LlO 
1.04 
1.0» 
0.99 
LOS 
0.92 
4.98 
1.01 
L08 
L02 



*or2^aoouM. 

He eondndes firom the figures obtatned and here given, that the best 
beets to-be grown, and which he considers the races of conoiliation, are 
those rexnresented by the numbers ^^ 3, 5, 6, 7, 8, 10, and 14 If sold 
according to the density of the juice and the sc^e of values in the form 
of arbitration adopted by the sugar manu&ctorers at Lille»* the grower 
will receive a higher return per acre than with any of .the other varieties 
mentioned. 

In this connection the results of the experiments of Deha^ain are rel- 
evant and interesting. He says : t 

It foUows |rom onr experiments and anfrlyses tliat beets snbmi^ed to diffeient 
modes of feeding or fertilizing, preserve in the&r development the native qnalities of 
the i^ed, i. e., their race. 

lu several of the experiments, pink tops and improved Vilmorrns 
were submitted to exactly the same conditions, same sterile soil, same 
manures given in equal quantities, yet in one cal^e while the pink top 
contained 7.6 per cent, of sugar, the improved beet contained 1G.2. In 
another case when the fertilizer was more nitrogenous, the richness of 
the pink-top beet fell to 5.6 per cent, and the Yilmorin to only 13.4. 
Th^ shows clearly the influence of race upon the saccharine quality of 
the beet. The conclusions would Appear premature were these experi- 
ments the Goly evidences to support thein, but they are also confirmed 

--■ ■ - • w 

* See later on in disensslons of relaticms between the grower and manofftctnrer. 
t Annales agronamiques. 
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in the results of experiments made by Mons. H. Yilmorin at Yeiriers, 
according to Prof. Deherain's suggestions. 
With reference to the type of beet to be chosen, Mons. Demiatte* says : 

The nature of the soil and method of cnltare being known, the form ahoold change 
with the nature of the soU ; should be long and tapering in deep sandy or allavinm 
soils ; short and more obtnse in shaUow soils like that near Arras, where the thick- 
ness of the arable layer will not exceed 6 inches. Bnt whatever be the type chosen 
the top of the mother beet should not protrude from the soil more than one-fourth its 
total length. 

With the facts and figures presented, which have all been worked out 
in France by careful experiment and investigation, no further comments 
on the different French races will be necessary. The selection of varie- 
ties for cultivation can best be left to the reader. We believe, however, 
it will be of interest, and we shall, therefore, conclude the consideration 
of this subject by giving the names and addresses of several of the lead- 
ing producers of seed in France who made exhibition of their products 
in the late Paris Exposition of 1878, with short notices of the character 
of their exhibits. 

Desprez pdre et fllsj Oapelle. — ^The varieties produced are No. 1, white 
or pink, containing 15 to 18 per cent, sugar, requiring deep, rich sofl, 
plenty of manure, and excellent culture; yidds 16 to 20 tons per acre. 
"So. 2, white or pink, 12 to 15 per cent, sugar, for ordinary soil, fertil- 
zing, and care; yields 20 to 25 tons per acre. "So. 3, 10 to 12 i>er cent, 
sugar for inferior soils and cultures ; yields 25 to 30 tons per acre. 

Simon-Legrandj Auchy. — ^Different varieties containing 12 to 20 per 
cent, of sugar ; some varieties of special selection containing from 20 
to 23 per c^iQ(t. 

J. Dervam-TbleA^ l^ar^me8-26*0rand---Gultivates seed by special 
method of selection dei>ending upon taking specific gravities of cylin- 
drical samples cut firom the roots and immersiug them in saline solutions 
of given strength. 

Brabant frhres^ Onnaing — ^Cultivate seed of special variety bearing 
their name; claimed to produce 21 tons x>er acre, of beets of average 
richness of 14.88 per cent, of sugar. 

Vilmorin^ Andrieux and Oo,j No. 4 Quai de la Megisaeriej Paris — ^Pro- 
duce seed from five varieties, given in the table below, showing the in- 
dustrial value of each variety. 



Yield, per acre long tons. 

Sugar, per gaUon of Juloe ponnda. 

Sugar, per acre do... 

Sugar, ^er long ton of beets 

Approximate mdnatzial yi^d peraore. 
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88.117 

1.12 

8,43A 

149.6^ 

4.408 
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5 



1&639 

L63 

6^601 

290.4 

8.005 



French races. 
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i 



8a 121 

1.24 . 
8,754 
182.6 
4.808 
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30.040 

1.20 

8,505 

173.8 

4.739 
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23.360 

1.30 

7,020 

222 2 

2.308 
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CHAPTER V. 

CULTUBE, CHOICE OF SOIL, ITS PEEPABATION, PLANTING, CARE OF, 

HABVESTING AND PEE8EEVING CEOP. 

CULTUBE. 

The ddtaral conditions to be regarded as of greatest importance in 
securing crops of maximnm quantity and quality, when a section has 
been determined upon by a consideration of all other conditions, are 
choice of soil, &c., its physical character and chemical composition, and 
the methods by which these may be modified or improved ; the first by 
the mechanical methods of culture, and the second by the proper and 
judicious appHcations of fertilizers. After this will naturally follow the 
modes of planting and the care to be applied during the season of 
growth. 

With reference to the choice of soil suited to the culture of the beet- 
root, opinions seem to differ somewhat, though the principles which ap- 
pear to govern them tend to the same end. The illustrious Ghaptal,* as 
a result of his study of the plant and its requirements, arrived at the 
following conclusions : 

Soils whicli are dry, calcareous, light, &g,, are not weU suited to the beet. 

Strong clay soils have little aptitude for the culture of this root. 

In order that the root may prosper, it needs, in general, a meUow, fertile soil, the 
arable stratum of which should be 12 to 15 inches thick. 

The root succeeds more or less well in an arable soils, butthe products vary wonder- 
ftQly according to the nature of the soils. 

Basset t considers that ^^a fresh soil, rather sandy or silico-calcareous 
than too calcareous or argillaceous, rich in humus, and deep," should be 
chosen. Briem,| in his late work on beet-root culture and sugar mannfiic- 
ture, says, of the physical character of the soil to be chosen, <^it shouldnot 
be too light nor too moist ^ it should be bare; its subsoil permeable; it 
should be warm, free firom stones, calcareous, and should contain humus." 
Deherain,§ from the results of his experiments and investigations at Orig- 
non, publishes as one of the conclusions arrived at that the nature of the 
soil does not seem to exercise any sensible action upon the development 
of the beet, for the same results were obtained in soils consisting of pure 
silica, of calcareous matter, or of a mixture of calcareous matter and 
clay, 

Vivien || found in traveling through the provinces of the Ehine, Han- 
over, Brandenburg, and Saxony in Grermany, that, though in each sec- 
tion there is a wide difference in the nature of the soU, there is a par- 
ticularly marked homogeneity in the character of the beets. 

* Quoted by Basset in Chdde Fraiigue du Fahrioant de Sucre, 

t lUd. 

t See Critique in Journal des Fabiicants de Sucre, 1879. 

$ Annales Agronomiques. 

I Journal des Fabricants de Sucre, 1878, 37 March. 
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Yilmoiin considers that any good soil that will grow wheat and com, 
and has an arable stratum of 12 to ISinches^ will be well suited to* this 
culture; that where chalk exists in large proportion the yield will t>e 
small, but the juice pure. All soils should be thoroughly draineil, so 
that the tap root may not find stagnant water in the subsoiL 

Notwithstanding the differing notions expressed above, it will appear 
that the physical characters of the soil which tend to rentier it best suited 
to the cultivation of the beet are porosity of surface and subsoil, to adinit 
of drainage of superfluous water and of free circulation of. the air, and 
power of absorbing and holding in a condition convenient for ready as- 
similation the elements of plant-food existing within it or coming from 
external sources. tTnless the supply of these elements be continuous 
and regular, a purely sandy soil would be undesirable. If no means 
were provided for the removal of surplus water which might be found 
in a purely clay soil, or to so improve its condition as to admit of free 
circulation of air as well as water, it is too heavy, and becomes abso- 
lutely useless. The same is true of purely calcareous soils, since the 
same unfavorable conditions would prevail, though perhaps to not quite 
the same extent These soils would also be unsuited to the plant itself^ 
because they would not admit of the* firee progress of the tap root nor of 
the lateral fibrous roots in their search for nutrition or in following the 
natural course of development, and, as will appear later on, these con- 
ditions have a powerful influence upon the ultimate yield of sugar from 
the surface cultivated. But if the sandy soil described be mi±ed with 
either or both of the others mentioned, and with humus, in suitable 
proportions, the conditions most £a>vorable te the maintenance of a reg- 
ular and plentiful supply of food, the healthy condition of the root, and 
its consequent normal development, will be assured. 

The chemical character of the soil is of quite as great importance as 
its physical condition. For the proper development .of the beet for the 
production of sugar it should contain in a suitable and assimflable fbrm 
all the elements usually necessary te the normal existence and develop- 
ment of plants, and attention must therefore be had to the conditions 
in which these substances exist in the soil. Phosphoric acid, i>ota8h, 
nitrogen compounds, and lime are especially necessary, te the life of the 
plant, but if these exist In insoluble combinations on the one hand, or in 
forms suitable for assimilation but in excessive quantities on the other, 
they will either be useless in the economy of nutrition in the first in- 
stance, or will stimulate the plant te abnormal growth unsuited to the 
ready extraction of sugar in the second. It is this branch of the sub- 
ject that has occupied the attention and enlisted the e&ergies of scien- 
tists and landed proprietors, and the influence of the different combina- 
tions of the various leading elements of plant-fpod, and more especially, 
during later years, of nitrogen in the soil, has constituted the subject of 
frequent and continued investigation. 
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Basset * says : 

Soils charged with mineral salts are injurions to the culture of the beet for extrac- 
tion of sugar and are only suited to the cultivation of beets for distillation. In fact, 
we know that the beet easily absorbs saline matters and that the alkaUue salts con- 
stitute one of the greatest obstacles to sugar extraction. 

New ground or that lately cleared of forest should not be applied to 
the culture of the beet, and it is considered by good authorities to be 
detrimental to the quality of the crop to make use of lands for this pur- 
pose that have not been under continued cultivation sit least ten or M- 
teen years. This insures an almost complete removal of the nitrates 
and the organic matters containing nitrogen, which are always present 
in large quantities in new soils, and which it is weU known exert an in- 
jurious influence upon the quality of the root. 

Basset, in his work,t gives elaborate tables of analyses of soils to 
show the chemical composition of those most favorable to the culture, 
but we wiU here give the more succinct tables of Champion andPellet,|: 
showing the composition of soils from different departments in the 
north of France in which beet-root culture is most extensively carried 
on, and of one from a similar section of Bussia. Those numbered 1, 2, 
and 3 yielded beets of fair quality, containing 12 to 14 parts of sugar 
per 100 of juice, while that numbered 4 gave beets of bad quality. The 
last, that from Bussia, is quoted by Walkhoflf as being well suited to 
beet culture. 



Organic matters 

Silica 

Alumina 

Lime 

Peroxide of iron 
Phosphoric acid 

Potaah 

Soda 

Carbonic acid . . . 
Other matters. . . 



Total nitrogen , 

Ammonia 

Sand 

Clay 



& 



5.800 
81.800 
7.240 
0.570 
2.880 
0.070 
0.064 
0.085 
0.400 
1.351 



100.000 



0.088 

0.013 

72.100 

22.000 









4.42 



0.476 



} 



0.008 
0.130 
0.600 



100. 000 



0.140 

0.040 

85.000 

9.000 



4.840 
82. 500 
&620 
0.420 
2.180 
0.077 

0.140 

0.700 
1.523 



100.000 



0. 120 

0.030 

80.000 

14.000 



s 

CO 



B 



5.70 
79.00 
8.50 
0.25 
6.50 

Trace.. 

Trace.. 

*"i"85' 



100.000 



0.154 

0.016 

62.000 

80.0*0 



8.200 

42.000 

3.91 

23.220 

2.310 

385 

0.044 

0.058 

19.050 

0.823 



100. 000 



0.270 

0.010 

35. 770 

10 to 12 



I 
|. 

II 

to 



6.207 
72.699 
9.074 
1.930 
2.834 
0.093 
2.047 
0.914 
1^280 
2.022 



100.000 



0.234 



The same authors quote Schubler as giving the following as the gen- 
eral composition of good soil for beet culture : 

Caay 33.300 

Siliceous sand 63.000 

Calcareoas sand 1.200 

Calcareous earth, humus 2.500 

I — - _■■- ■■ - i.ii - - - - ■■__■-_- ^ ^^ ^ ^^^ ^ ^ 

* Guide Pratique du Fdbricant de Sttcre, 
t Guide Pratique du Fabricant de Sucre. 
t La Bettrave a Sucre, p. 82. 
7 SB 
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We now come to the study of the means employed to supply the dif- 
liciencies of plant-food m the soil, due either to the natural condition or 
the exhaustion by crops, and the influence of the means employed upon 
the production of rich and valuable roots. 

The general composition of the beet root and leaves is given by Cham- 
pion and Pellet, as follows : They state that for rich beets the weight of 
leaves is about 50 per cent, that of the root, and 25 to 30 per cent, that 
of roots containing 9 to 11 per cent, of sugar. 

The table shows the general composition of leaves and roots of beets 
containing 15 per cent, of sugar: 



Water . . 
Kitrogen 
Aahes... 



Ill roots. 



74.00 
0.40 
0.80 



In dry 
XDAtter. 



In leaves. 



Ter cant 



1.66 
a 10 



Tw cent 

83.50 

0.38 

4.35 



In dry 
matter. 



Per cent 



2.30 
26.20 



For a yield of 20 French tons* of beets and 10 French tons of leaves 
per acre, there would be removed from the soil : 



20 tons roots.. 
10 tons leaves. 



Ifitrogen. 



Pounds. 
178.1 
84.8 



Total ashes. 



Pounds. 
356.2 
934.1 



Or, for an average richness of 11 per cent, of sugar: 



Water ... 
lifitrogen 
Ashes ... 



In roots. 



Per cent 

82.00 

25 

0.95 



In dry 
matter. 



Per cent 



1.39 
6.30 



In leaves. 



Per cent 

84.50 

0.38 

3.85 



In dry 
matter. 



Per cent 



2.45 
24.8 



Or, for a yield of 20 French tons per acre : 



20 tons roots.. 
6 tons leaves 



-*ai '■ 



Total 
nitrogen. 



Pounds. 
110 
50 



Total ashes. 



Pounds. 

418 
50&2 



* 2,200 pounda. 
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The Gomi>osition of the ashes of the leaves and root-s referred to 1,000 
parts green matter is as follows: 



Potash 

Soda 

liime 

Magnesia 

Chlorine 

Snlphnxio add 

Silica 

Phosphoric acid 

Undeteimined.... 

Total mineral matters . 

Total solids 

liitrogen 



Beets supposed to 
contain 10 per 
cent, sugar. 



LeaTCS. 



9.23 
8.23 
8.60 
2.81 
8.23 
1.50 
0.31 
2.23 
2.03 



28.07 
138.0 
8.8 



Boots. 



2.96 
0.51 
0.42 
0.38 
0.67 
0.22 
0.84 
0.59 
0.16 



6.12 
167.5 
2.5 



Beets supposed to 
contain 15 per 
cent, sugar. 



LeaTos. 



10.0 
3.47 
8.75 
8.03 
8.47 
1.63 
0.33 
2.40 
1.92 



80.0 

140.0 

8.8 



Boots. 



2.66 
0.45 
0.88 
0.33 
0.50 
0.19 
0.80 
0.51 
0.13 



6.45 
240.0 
4.0 



From these figures we may easily determine the quantity of the dif-. 
ferent constituents removed by average crops. Supposing the average 
to be 20 tons of roots per acre, the consumption of the different con- 
stituents would be, for beets of differing richness, as shown in the follow- 
ing table : 





Por heets contain* 
ing 10 per cent, 
sugar. 


TotaL 


Por beets contain- 
ing 15 per cent, 
sugar. 


Total 




Six tons 
leaves. 


Twenty 

tons 

roots. 


Teutons 
leaves. 


Twenty 

tons 

roots. 




Potash 


121.8 
42.6 
46.2 
86.1 
42.6 
19.8 
4.09 
29.43 
26.79 


128.9 
22.4 
1&48 
16.72 
25.08 

9.68 
14.96 
25.96 

7.04 


250.7 
65.0 
64.68 
42.82 
47.68 
29.48 
19.05 
65.39 
83.83 


220.0 
7(134 
82.50 
66. 66 
76.34 
85.86 
7.26 
62.80 
8L24 


837.04 
96.14 
89.22 
81.18 
98.34 
44.22 
20.46 
75.24 
86.94 


117.04 


Soda 


19.8 


T^ime 


18.72 


Mflji^eflia 


14.52 


Chlorine 


22.0 


Sulphuric add 


8.86 


SOica 


13.2 


Phosphoric acid........ 


22.44 


TJndetermined 


6.70 






Total 


869.41 
1,821.6 
43.56 


248.32 
7, 370. 00 
110.0 


628.50 


651.00 
8,080 
83.6 


888.18 


239.78 


TVpy ipAtt^T--.-- 


10,560 
176.0 


Ifiirosen 















In France the general sources of supply of the various nutritive prin- 
ciples for the restoration of those removed by the crops, or to provide 
those required, are found in stable manure, seed cakes, animal wastes, 
woolen scraps, sulphate of ammonia, nitrates, superphosphates made 
from bones and minerals, potash salts, gypsum, and the scums and 
refuse from the sugar fiEi>ctories. Of all these substances, that which 
combines in itself in the highest degree all the elements of plant-food, 
and which is naturally the most economical, is the stable manure pro- 
duced on the farm, and this being generally the result of keeping cattle 
to be fed upon the pulps from the fectory is one of the souixjes of real 
profit to the producer. 
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Joulie gives the following as the composition of Fiench stable-manoies 
of average quality^ estimated in poonds per ton of 2,000 pounds : 



TTater 

Orgmio XDAttor 

Hinenil matter 

Total 

NHiogeii: 

Nitric 

Ammoniftoal 

Organic 

Total 

Phosphoric acid 

SnlphnTio acid 

Chlorine 

Potaah 

Soda 

Lime 

Hi^esia 

Oxide of inm 

Sand and silica 

Carlxmic add and loss 

Total 



2,000.000 



Kannxe 

of fifteen 

oxen. 



1,482.876 
40&044 
10L380 



aooo 

1.880 
1L8S2 



13.702 



5.288 

8.010 
2.740 

19.104 
5.164 

14.538 
a 770 
1.804 

sasfts 

6.874 



10L380 



Kannre 

of 
tencowB. 



I,30a656 
47&928 
124. 4J6 



2,000.000 



aooo 

L334 
11.950 



13.284 



3.142 
3.000 
4.000 

20.852 
6284 

14.060 
3.478 
1.2S0 

60.913 
7.4S8 



124416 



A comparison of this table with that given before will show that in 

order to supply in stable mannre the required nitrogen and phosphoric 

acid for the production of an average crop of 20 tons i>er acre, it will 

be necessary to apply at least 20 tons of stable manure to the same area. 

But this quantity will contain a considerable excess of alkaline matters 

over the quantity demanded by the crop, and will only tend to increase 

the saline constituents of the root at the expense of the sugar. This 
excess of mineral matters is often used to explain the production of roots 

of low saccharine value. Let us bring together the figures for the con- 
stituents of plant-food mentioned, as found in 20 tons of stable manure 
from cows and as found in the yield of an acre giving 20 tons of beets: 



Kitroffcn ....... 

Phosphoric acid 

Potash 

Soda 

liime ........... 



Mmnre. 



P<nmd9. 
265.680 
62.840 
417.040 
18S.680 
28L200 



Beet crop. 



259.6 
75.24 

337.04 
96.14 
8a 23 



In practical work, therefore, it is found better to reduce the quantity 
of stable manures applied, and to supplement them with the other sub- 
stances mentioned above. A comparison of the productive influences 
exerted by stable manures and by the artificial compounds usually em- 
ployed to supplement it, or as substitutes for it, will be found in the fol- 
lowing table, showing the results of the experiments made by Professor 
Deherain at the Orignon agricultural school, working with the Yilmorin 
improved race of beets. These results are interesting as showing the 
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advantage of moderate applications of stable manures, and the choice 
that should be made in the supplementary compounds that should be 
applied: 

Influence of manure on yield in weight and richness in sugar* 



No. of 

the 

plots. 



1 
2 
3 

4 

5 
6 

7 
8 



10 

11 

12 
13 

14 

15 
16 



Hanare difltribnted per acre. 



9toii8 stable manure 

18 tons stable manure 

86 tons stable manure 

86 tons stable manure uid 890.7 poands superphosphate of 
lime 



Withoat manure 

356 pounds nitrate of soda» distributed in one sowing 

856 pounds nitrate of soda, distributed in four sowings 

356 pounds nitrate of soda and 856 pounds superphosphate, 
in one sowing 

350 pounds nitrate of soda and 356 pounds superphosphate, 
in four sowings 

1,068 pounds ni&ate of soda, distributed in four sowings 

356 pounds sulphate of anunonia, distributed in one sowing.. 

356 pound ssulphate of ammonia, distributed in four sowings. 

356 pounds sulphate of ammonia and 356 pounds superphos- 
phate, in one sowing - 

356 pounds sulphate of ammonia and 356 pounds superphos- 
phate, in four sowings 

356 pounds superphosphate withhout nitrogen or manure 

1, 068 pounds sulphate of ammonia, in four sowings 



Yield per 
acre. 



Tona. 
9. 2414 
8.8893 
&4378 

a7220 
6.1980 
&4378 
8.7660 

9.1220 

9.9235 
&5230 
a 4378 
7.7985 

6.6860 

6.9360 
7 5205 
6.4970 



Sugar in 
juice. 



Percent. 
12.67 
12.58 
1L28 

12.26 
14.58 
12.75 
12.75 

13.23 

13.08 
12.43 
13.89 
12.75 

13.08 

13.08 
13.24 
12.42 



Sugar pro- 
duced per 



acre. 



Poundf. 
2,351.80 
2, 228. 60 
1,896.59 

2,137.78 
2,257.04 
2, 184. 01 
2,234.79 

2,415.46 

2,568.24 
2, 367. 40 
2,336.25 
1,962.45 

1,722.15 

1, 827. 17 
1,990.93 
1, 693. 57 



^Journal det Fabricanti de Buer&^ NoYomber 13, 1878. 

Joolie * also found, in his experiments with stable manure and the dif- 
ferent fertilizing compounds made according to his formula, that the 
largest yield was obtained with the complete manure containing all the 
leading elements. The next best jield was secured with the complete 
manure without potash 5 the next with nitrate of soda^alone. The yields 
with the others decreased regularly in the order in which they are named. 
Without phosphate and without lime } with sulphate of ammonia } with 
stable manure ; with nothing ; with guano. From his experiments he 
concludes as follows : 

1. The manme especiaUy suited to the beet and which establishes the best condi- 
tions, as well for the yield per acre as for quality, is the complete manure B, of which 

the following is the composition: 

Per cent. 

6.500 

6.500 

' I insoluble > 

Potash 8.000 

Soda 9.000 

Lime 14.800 

Water, sulphuric acid, silica, and other accessory elements 55. 200 



Nitric acid 



Phosphoric acid. 



; assimilable 
insoluble 



1 



Total 100.000 



Tlie nitrogen corresponds to ammonia 8.000 

Tlie phosphoric acid corresponds to tricalcic phosphate 14.200 



ChiUdepour Vachai et VJEtnj^loi des Engrais Chimiques, pp. 250 and 251. 
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2. In soils proYided with potash it (the XDanme B) is advantageously lepUded by 
the mannre F,* which differs only in the sabstitntion of soda for potash. 

3. These two manoies should be applied at the rate of 400 pounds per acre npon 
soils in good condition and without stable manures. 

4. Stable manure, applied at the rate of 20 to 25 tons per acre in the same year that 
the crop is grown, constitutes a bad condition, which it is prudent to avoid. It is bet- 
ter to reduce the stable manure to 10 or 12 tons and supplement it with a suitable ad- 
dition of chemical manures. Thus putting the minimum of salts, particularly of pot- 
ash, at the disposition of the roots, a better quality will be obtained, 

5. If stable manure be applied at the rate of 10 to 12 tons per acre, which rate it 
has been found advisable not to exceed, the manure F without potash should prefera- 
bly be employed at the rate of 200 i>ounds for good soils and of 400 pounds for poor 
soils. We thus avoid excess of potash, and establish between the useful elements on 
equilibrium favorable to the crop. 

6. If fossil phosphates have been added to the stable manure after the method sug- 
gested by Baron P. Thenard, the manure F may be replaced by nitrate of soda at the 
rate of 260 pounds per acre for good soils and a maximum of 350 pounds for poor soils. 

7. In no case should salts of potash (nitrate, sulphate, or chloride) be added to stable 
manure, which is always sufEloiently rich in this element. 

From these and later expenments Mons. Jonlie concluded, in general, 
concerning nitrogen of varioos compoonds in its relation to the beet root 
and the influence upon its sugar content, that the nitrogen of the nitrates 
is more effective than that of ammonia, which in its turn is more valuable 
than that of organic matter. 

This difference in the elements of plant-food has also been noticed and 
determined by other workers, who have arrived at conclusions quite as 
marked as those of Joulie just given. Pagnoul t states that experiments 
made at Arras and elsewhere lead to the following conclusions concern- 
ing the use and abuse of nitrogenous compounds: 

1. Abuse of aU nitrogenous compounds, nitrates, stable-manures, seed-cake, &c.j is 
always ii\juiious to the quality of the beet. 

2. Excess of nitrat'OS by application before sowing is less iigurious than excess of 

* The conclusions of Professor Joulie wiU be better understood if reference is made 
to the following table, showing the composition of the fertilizers, made according to 
his various formula : 



Denominatloii of manure. 



Manure A complete 

B complete 

G complete 

D complete 

E without potaeh 

E concentrated 

E without potash No. 2 

P without potoeh 

G- without nitrogen 

G without nitrogen "No. 2 



Nitrogen. 



4.14 



e.50 
0.00 
3.00 



I 



2.36 
6.50 
4.00 
2.50 



6.60 



6.50 
6.50 
4.00 
2.50 
6w50 
0.00 
8.00 
6.50 



Phosphoric aoid. 



I 

I 

8 



6.00 
6.00 
6.00 
8.00 
5.00 
0.00 

14.00 
6.00 
6.00 

12.00 



I 



1.50 
1.50 
L50 
2.50 
1.50 
2.00 
2.00 
1.50 
1.50 
2.t)0 



I 



6.60 
6.50 
6.50 

10.50 
6.60 

11.00 

16.00 
6.50 
6.60 

14.00 



I 



&00 

&00 

14.00 

8.00 



10.00 
6.00 



0.00 



14.00 
8.00 
L60 



I 



17.00 
14.80 
19.00 
20.00 
19.50 
12.00 
22.00 
15.80 
20.00 
20.00 



OB S 

•a 

o 
o 



62.00 
55.20 
56.50 
59.00 
67.50 
6&00 
59.00 
57.20 

easo 

59.50 



\ Journal dee Fabricants de Sucre, 1878, October 13. 
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nitrogenous xnannres of organic origin. In fact the first are at once absorbed by tbe 
young plant favoring the development of leaves. On the contrary, the others act slowly 
and in decomposing may undergo nitric fermentation, which, favored by meteorological 
oqnditions, such as probably existed in 1875 to 1876, creates in the soil an abundance 
of, nitrates, the retarding action of which impoverishes the root in the last days of 
growth. 

Concerning stable-manure, it is a fact that there is no necessity for prohibiting its 
use, because growers are generally wanting in it, and they will not be tempted to use 
it in excessive quantity to the same extent as they may be induced to use the mineral 
manures. But it is useful to show that this excessive use, if it were possible, would 
be even more fatal than the use of nitrates, as regards the quality of the root. 

3. For the same reason the use of nitrates after sowing, and especially in the months 
of August and September, is absolutely bad, and may be characterized as fraudulent. 

4. The abuse of nitrogenous manures, nitrates, and others is much less fatal when 
used upon rich varieties, and roots closely planted than upon poor varieties and roots 
cultivated at greater distances* 

5. The causes to which the bad quality of the beets in our region (department of 
Pas-de-Calais) should be attributed are * • * the too great richness of our soils 
in nitrogenous matters, the abuse of manures, and the application of nitrates after 
sowing. 

Concerning stable-manures and the other nitrogenous manures used, M. 
Georges,* in a lecture on beet-root culture, advises that the quantity of 
stable-manure should not exceed 10 to 15 tons per acre, since this quan- 
tity will supply sufficient of salts for the needs of the plant Nitrogen, 
being the deficient constituent, should be supplied by some very soluble 
and easily-assimilable compound, such as from 250 to 350 pounds per 
acre of nitrate of soda, with an addition of a like quantity of superphos- 
phate of lime, the latter element especially intervening to increase the 
richness in sugar. The prejudice against nitrate of soda is unjust. Ju- 
diciously applied it is useful. Only its abuse is disastrous, but neither 
more nor less than the excessive use of all others, and even stable-ma- 
nure worked into the soil previous to sowing ; it hastens the vegetation 
of the plant at the start and helps it through the first stages of growth. 
When it is exhausted, the stable-manures, by their slow decomposition, 
su])ply the subsequent demands of the plant. But nitrate of soda should 
not be applied during the growth of the plant, because it may then re- 
main in nature in the adult beet, which will not have time to elaborate 
it and secure all the useful effect. Sulphate of ammonia, with an equal 
quantity of nitrogen, seems to be less favorable than nitrate of soda, be- 
cause it is a salt which tends to rise to the surface in the soil, while the 
other descends to an equal extent. Other matters, such as seed-cakes, 
woolen wastes, &c., may be substituted for the nitrates, but they should 
in all cases be worked into the soil before sowing, that they may have 
t^e to decompose in advance and may be thoroughly mixed through 
£he entire arable stratum. 

These ideas expressed by M. Georges were reiterated by M. Drouyn 
de THuySjt and express the views of all scientists and cultivators in 

* La Sucrerie IndighM, 1878. 

t Compte-rendu des S4ance» du Congrhe Agrioole et Suontre Unu d Cpmp^fM, Mai, l&TT, 
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France, Bat while all admit the value of the judicious application of 
the nitrates, it appears also to be the universal opinion that it should be 
accompanied by the application of a corresponding quantity of the 
phosphates, which have a tendency to counteract any prejudicial influ- 
ence that the nitrates may exert by hastening the maturity of the plant 
and increasing its sugar content. This fact has been very nicely elabor- 
ated by Professor Maercker, of Halle, in a lecture lately delivered upon 
the subject of beet culture, an abstract of which may be found in the 
Journal des FaJnicanta de Sucre. He says it is a well-accepted fact that 
strong doses of nitrogenous manures are injurious to the beet crop, in 
that it increases the weight of the non-saccharine contents and reduces 
the sngar. The discredit into which the use of nitrates has Mien is due 
to its abuse and the manner of applying it. The difSculty appeared to 
be to determine the quantity to use and the best time to apply it. When 
applied too late it retards ripening. Applied in spring the plants de- 
velop vigorously in leaves and root and the period of growth is lengtli- 
ened. So strongly nitrogenous manures always produce growth. 

But the sugar-beet must ripen to accumulate sugar within it. Its growth 
should therefore be arrested to admit of ripening, which late distribution 
of nitrates prevents. At Magdeburg part is applied in the fall and the 
remainder before the preparation of the soU in spring. Heavy doses of 
strongly nitrogenous manures alsonecessitateheavy doses of phosphoric 
acid to annihilate the injurious effect of an excess of nitrogen. Phos- 
phoric acid applied in large quantity induces early ripening of theplani 
A mellow, permeable, clay soil may receive doses that would be injurious 
to a cold soU. 

Pagnoul has developed by his researches and observations that phos- 
phoric acid gives varying results. In some soils no appreciable effect 
can be noticed, while in others its use has been foond very favorable, 
and these differences are attributed to the greater or less proportion of 
phosphoric acid already existing in the soU. Notes should therefore be 
kept of the effects of various manures in order to avoid unnecessary 
expense in their application. M. Decrombecque considers that in all 
cases the phosphoric acid in the soil should be increased as the nitro- 
genous principles increase, and Woussen considers phosphoric acid a 
corrective for the deleterious influences of nitrates, because upon soils 
where nitrate of soda has been applied in large doses it is only neces- 
sary to increase the proportion of phosphates of lime to secure good 
maturation of the crop, which would otherwise remain green. 

Pellet* has advanced some interesting notions concerning the com- 
parative values of the difflerent elements of plant-food in their rela- 
tion to the production of sugar in the beet, deduced fix)m the study of 
analyses of different plants obtained by various persons in their exper- 
iments. Lawes and Grilbert, discussing the analyses of wheats grown 

upon the Eothamstead farm, and of French wheats analyzf^l by Bous" 

I II ..ij I .11- ■ < , .11 III .1 ■ - I II I ^—^-^ — ^— ^»^^ 

* Journal dee Fdbrioante de Suore^ October 2, 1878. 
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singanlty conclude that whetit scarcely admits of a change iu the com- 
position of its ashes, whatever may be the composition of the fertilizers 
applied ; the same is trae of potatoes. 

But Pellet finds that the beet, on the contrary, may grow with equiv- 
alent Substitutions of the alkaliles necessary to the formation of sugar, 
so that, as shown by the experiments of Joulie, soda may be found in 
the ash of some beets in the same quantity as potash, while in others 
the quantity of potash is seven times that of soda. This substitution 
may also be noticed between lime and potash, but experience shows that 
though the alkalies may thus substitute each other, and lime, by equiv- 
alents, certain other bodies, such as phosphoric acid, will not admit of 
being replaced. The experiments of Champion and Pellet also show 
that in all plants we may observe a relation between the total weight of 
ashes and the special organic matters for which the plant is cultivated. 
Thus, in wheat between the starch and total ash, and in the beet between 
the sugar and total ash. They construct the following table, showing 
in general that for the formation of 100 x)ounds of sugar in beets, the 
roots and leaves in their development must consume— 
1 to 1.20 pounds of phosphoric acid. 
5 to 6 pounds of potash. 

1.5 to 2 pounds of soda. 

1.5 to 1.6 pounds of lime. 

1.2 to 1.4 pounds of magnesia. 

2.7 to 3.5 pounds of nitrogen. 

Excess of all may be present in the soil, but if phosphoric acid be 
wanting sugar will not be produced, while if lime is wanting it will be 
replaced by potash or soda or magnesia, and this rule holds good for the 
other alkalies. The author therefore concludes that 1 of phosphoric acid 
corresponds to 100 of sugar, whUe 5 to 6 of potash corresponds to the 
same amount, and consequently phosphoric is worth 5 or 6 times more 
than potash in the formation of sugar, if potash replaces no other alka- 
lies ; in other words, if a soil be wanting in 60 pounds of assimilable 
potash per acre, there will be a deficit of 1,000 pounds of sugar, while 
for the same deficit only 10 pounds of .assimilable phosphoric acid need 
be wanting. Phosphoric acid he considers a non-dominant but indis- 
I>ensable element or base for the formation of sugar in the beet. 

Eeasoning from these data, they conclude that without experiment, but 
by examination of the average comx>osition of the ashes and of the quan- 
tity of nitrogen in the plant, and comparing the total weight of the dif- 
fbrent constituents with that of the given proximate principle to be pro- 
duced, for instance, sugar in the beet and starch in wheat and potatoes, 
it is possible, they say, to determine the order in which the elements of 
plant-food are indispensable for each plant. Thus, for the beet they 
i:ange: 1, phosphoric acid; 2, lime or magnesia; 3, nitrogen; 4, potash 
qpr soda. On the other hand, the order for wheat is : 1, lime or magnesia ; 
^ potash; 3, phosphoric acid, &c. These are facts of great importance 
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in the economy of providing supplies of plant-food, and they will aid 
greatly in the*8eleotion of the compounds to be employed for the fertili- 
zation of various crops. 

From what precedes and what we learn from the long-established 
practices followed in France in the application of fertilizers to the land 
on which beets are to be produced, it appears that nitrogenous organic 
comx)ounds insoluble in water should be worked into the soil a long time 
in advance of the crop, and that to enjoy a beneficial result from their 
use they should be distributed at least during the autumn preceding the 
season of planting, and for stable-manures it is preferable that they be 
given to a preceding crop, which in France is generally oats or potatoes. 

Stohmann,* says it is generally recognized as a rule that the sugar-beet 
should never be cultivated upon a fresh manure or barnyard manure, 
because this system of culture gives a large yield in weight, but roots 
so rich in foreign matters that they cannot be worked with profit. The 
beet should always form the second rotation when the manure is strong; 

Other organic nitrogenous compounds, such as seed cakes, refuse ani- 
mal matters, and even ammonia salts, may be applied in the fall or in 
the very early spring, while the nitrates, which are more soluble, may 
be applied either immediately before or immediately after planting. 

In no case should the latter be applied during the period of growth, 
on account of its influence as shown by numerous experiments, to retard 
the time of ripening and the consequent maximum development of 
sugar. 

The quantity of stable-manure per acre that may be applied to land 
to produce the most favorable effect seems in France to be from 8 tol5 
tons, according to the character of the soil, and it is generally more 
profitable to use a smaller quantity and supplement it with nitrates 
and phosphates. The value of lime in its relations to the beet is no less 
than for other crops. Its disintegrating influence upon the nitrogenous 
organic matters is as imx>ortant as its power to take the place of other 
alkalies which may be wanting. In fact, on account of this property, 
many of the most intelligent growers are inclined to use it, and by meai^ 
of it to avoid in the juice many of the more objectionable soluble salts 
that the alkalies are likely to introduce. Another important considera^ 
tion is its low market value, and the convenience of its application. At 
the same time, deficiencies of the other alkalies in the soil should not 
be overlooked, and they should be in all cases made up. 

It is scarcely necessary to further call attention to the importance and 
value of the phosphates in connection with this crop, after all that has 
been said. They may be applied at all times, and many growers con- 
sider it of advantage to distribute small quantities with each working 
or hoeing. The general method employed, however, is to distribute 
it in advance of the last plowing, in the course of which latter operation 
it becomes distributed throughout the entire arable layer. But if ap- 

^ Jowmal dea FdbrioanU de Swsrej Noyember 20^ 1878.' 
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plied in the spring, it is considered by many that it^l^^d be d6]^o^ted 
in' the rows with the seed, and M. Derome is of tjie opmiQh|that 100 ta ft 
250 poonds per acre applied in the rows will ]jrodit^ quite-ail^ cood ) 
effects as 400 to 800 applied broadcast. He con(^<Wv]i(imaU his Baf- j ^ 
periments, the results of which are confirmed by thofi[e ootlaiti^d^ by ^>/,, 
Gorenwinder, Pagnonl, Ladurean, and others, that artificial lertiliizeV^^ 
worked in with the plow will give an average of about 3 tons more or ^ I. / 
beets than the same quantity of manure applied on the surface and 
worked in with the cultivators. 

The next consideration in the culture of the beet is the improve- 
ment of the physical qualities of the soU, and its preparation for the 
crbp. The importance of drainage, &c., has already been referred to in 
the review of the inherent physical qualities of the soil which make it 
suited to this crop, and we may therefore proceed at once to the con- 
sideration of its manipulation to bring it to the favorable conditions 
before quoted. And we shall first of all review the ideas advanced on 
this subject by some of the later writers who may be considered good 
authorities. Briem* says: 

The development of the beet depends, in the first place, nxK>n good preparation of 
the soU, and its continaed and careful maintenance. A preparation carefully effected 
brings about a meUowing of the soil, access and change of air and water, destruction 
of weeds, and deep growth of the root. Deep plowing (with steam where this is pos- 
sible) is the first condition of a rational culture. This operation should be effected 
in advance of winter. Subsequent cultivation should not be spared. It improves the 
^Q and quality of the plant, and should be repeated as often and as long as the 
leaves wiU permit. The more the culture approaches that of a garden, the more the 
quantitative and qualitative yield wiU be i^creased. 

According to Stohmann, beets do better after weU-manured graminse. 
They naturally find place in rotation after wheat or barley. In some 
c^ses beets have been produced two years in succession, but this is 
possible only in exceptional cases. It is injudicious to recommend a 
rotation of beets of less than two years. Immediately after a crop of 
cereals, the ground is broken up. In the fall, plow as deeply as the 
nature of the soil will permit, and leave the field with the furrows thus 
exposed during the winter to atmospheric influences. In the spring, 
prepare the soil for sowing by means of the roller and harrow ; and in 
order not to lose the accumulated moisture of winter, avoid, as far as 
possible, plowing again in the spring, 

Yilmorint directs to begin with an ordinary plow in the fall, followed 
by a draining plow, so that the ground will be broken up to a depth of 
6, to 8 inches; and plow in the spring, and follow with harrow and 
roller. We cannot more clearly give the prevailing opinions of French 
growers upon this matter of preparation of the soil than is expressed ija 
tiiie discussion on the subject in the meetings of the agricultural and 

sugar congress held at Compi^gne in May, 1877, and published in the 

* I ■ I ■ I.I. ■ I « ■ I ^ 

9 

* Journal dee FaJnioanta de SuorCf October 23, 1878. 
i Journal dea FaMoanU de Sucre, February 27^ 1878. 
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report of the proceedings ; and I therefore present below a translation 
thereof: 

M. Bonrsier said thaf it is, above all, necessary to work the groimd and put it in 
sncli condition that it may be at the same time permeable and firm enough to adhere 
to the roots. This is effected by deep plowing, and energetic harrowing and rolling. 
It would, nevertheless, be nsefol to elncidate this point, whether it is better to give a 
single deep plowing in autumn, followed by cultures with the scarifier and the harrow 
in spring, or to give several plowings, the first in advance of winter and the second 
immediately preceding sowing. For himself he considered it better to give a single 
deep plowing in the fall or winter. 

M. Debains prefers the system which consists in first giving a plowing to break up 
the stubble, followed by another to bury the manure, and finally a third before sowing. 

M. Blin said there was no necessity to have an absolute system with this regard. 
It would be dangerous to give a deep plowing to land having a shallow stratum of 
arable soil. 

M. Decrombecque had not adopted deep plowing, for the nature of his soils 
would not permit it ; but in order to submit the greatest possible surface of soil to the 
beneficial atmospheric influences, he practiced the method of ridging. 

M. Boursier explained that by deep plowing he did not mean absolutely to say 14 to 
16 inches ; plowing is considered deep when it exceeds by 1 or 2 inches that of pre- 
ceding culture. A plowing of 10 inches would be deep in ground which had never 
been broken up more than 8 inches ; the depth is modified according to the soil. 

M. Demot called attention to the excellent effects of breaking up without displacing 
the subsoil (i. e., subsoillng). With this system the production is sensibly increased. 
The use of the draining plow should be strongly recommended. 

M. le. Yte. de Chezelle called attention to the favorable effect of deep plowing shoTpi 
by the vegetation on the sides of ditches opened for drainage. 

M. X. responded that this fact does not oonstitue an argument in favor of 

deep plowing. In fact, in drainage the vegetal earth is always returned to the top, 
while plowing brings the subsoil to the surface, and if this is not vegetal (fertile) it is 
evident that the operation is defective. He also insisted upon the use of the draLning 
plow. 

M. Barral recognized the fact that deepening the arable layer is always advantage- 
ous in the long run, and he recommended attacking the subsoil only with precautioii, 
and after taking into account its chemical composition. In this connection, as in tie 
most of agricultural questions, it is impossible to ^x. an absolute principle, and it is 
always necessary to take account of circumstances. Besides it cannot be denied that 
the beet is one of the plants for which the depth of the arable layer is of the greatest 
importance. 

M. de Roug^ has proven the excellent effects of deep plowing uxM>n the poor clay 
soils of the extremity of the Aisne. Like M. Boursier, he counseled plowing in autmnn. 
During the winter the land to be sown in the spring should be impregnated with the 
substances of the air and submitted to the favorable atmospheric influences. Bro^ 
Airrows should be made in the first plowings given in autumn, because the more 
the earth is formed of large lumps, the more the frost may penetrate by the wiSiO 
spaces which separate them. 

M. Ch. GossiQ remarks two unfortunate effects in the plowing which immediately 
precedes sowing the beet. 1. This plowing stirs up the soil in the interior. Kow, the 
beet does not like light soils. 2. By this plowing we bring to the surface a quantity 
of bad seeds, which germinate at the same time as the beet, and cover the grom^ 
with weeds, while if the ground be plowed in the fall, the seeds which germinate in 
the early spring are killed in the operations of culture which precede sowing. Thei^ 
ibre in the triple regard of contact, of atmospheric agents, of the m^eUowness and iutc^ 
nal cohesion of the soil and cleanliness of the ground, fall or winter plowing should be 
advised. 
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The method of preparation followed in practice by M. H. Yilmorin is 
as follows: Begin plowing in Kovember and break np the land eight or 
ten inches^ and follow this with a snbsoil plowing to a depth of eight or 
ten inches more, so that the ground will be thoroughly stirred np to a 
total depth of at least fifteen inches. During the progress of this work^ 
and as far as possible, the artificial fertilizer employed is distributed in 
the furrows before subsoiling. The ground is then left in the rough con- 
dition consequent upon plowing, and after that is twice plowed in 
spring, in February and April. It is finally prepared for sowing by 
harrowing and rolling. 

M. Ghamponnois considers it of advantage to prepare the ground in 
ridges before sowing, especially in working very shallow soils, in order 
to provide depth for the long tapering root, and put the ground in bet- 
ter condition for the circulation of air and water. He claims for his 
method of culture that it is less costly than the ordinary method, and 
gives a better quantitative and qualitative result. In his experiments 
he obtained forty tons of beets per acre having an average richness of 
18.50 per cent, and a coefficient of purity above 83. 

The results of his experiments in 1878 do not seem to be as good as 
those obtained in previous years, as shown by the following table: 



Product per acre (tons) 

Density of Juice 

Per cent of sugar 

Quotient of purity 



If 0.1. 



28,800 
(JO. 17 
11.87 
68.70 



Xo.2. 



40.450 

60.45 

9.61 

66.68 



No. 3. 



22,500 
60.75 
14.90 
83.04 



No. 4. 



U,725 

70.5 

16.91 

86.0 



OBSERVATIONS. 



No. 1. 



Seed, four kinds; richest, 
12| per square meter; 
fresh manure two months 
before sowing ; earth 
beaten slightly on April 
23, and after the beets had 
four leaves; complete ma- 
nure, 200 pounds per hec- 
tare ; culture given regu< 
larly. 



No. 2. 



Some onlture and oare ; 
four kinds of seeds 
productive of weight; 
at November 1 beiets 
were in fiill growth 
due to kind of ma- 
nure and time of its 
application ; beets 
short and rooty. 



No. 3. 



Manure well rotted ; 
plowed in ridges ; well 
beaten by rolBng ; ma- 
nure-residues of elu- 
tion containing salts 
and nitrosen ox mo- 
lasses; culture regu- 
lar tnro'out enure 
growth. 



No. 4. 



No manure plowed lb; 
chemical manure, 625 
pounds per acrcL 
worked in ; sowed 
late ; culture con- 
tinued throughout 
vegetation ; qualify 
good ; quantity want- 
mg, explained by late 
sowing. 



-rtr- 



However^ in this matter of preparing the soil, as in all others, it ap- 
pears that the grower, while followtag the general principles enunciated, 
must be guided by his own judgment and the character of the soil with 
which he has to deal. 

Sowing is generally effected by means of a drill especially designed 
ther^or, but any drill that will deliver the seed regularly and in suffi- 
cient quantity will satisfy every purpose. The forms employed in 
Prance vary with the different inventions, but the spoon drill is the most 
common. 
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The best time for sowing is considered to be the last week in April 
and the first fortnight in May, when the temperature should range from 
5(P to 60O Fahr,, for at this temperature the seed will germinate most 
surely and most rapidly. The germinating faculty is materially in- 
creased by immersing it in water at 12(P Fahr., and the beets produced 
are often richer in sugar on account of this treatment. 

Messrs. Champion and Pellet* give the following results of an experi- 
ment in growing seeds soaked in water and those not soaked : 



Ko. 1, Bomuil aeed 



No. 2, soaked seed. 



Date. 



Augusts!..., 
Sf^ptember 16 
September 29 
August 31 — 
September 16 , 
September 29 



ATera&e 
weight. 



Oranu. 
400 
460 
580 



500 
580 



Per cent. 

sugar in 

beets. 



16.4 
13.4 
17.0 
16.9 
149 
17.2 



Besides this, the beets produced with soaked seed had a better form 
than those from normal seeds. 

Various solutions have been suggested to be employed for soaking 
the seed, among others water slightly acidulated with nitric acid. Hum- 
boldt suggested very dilute chlorine water, but Duchartre showed that 
this was of no value. 

Li many sections of France and Germany the juices flowing from th« 
manure heaps are used for this purpose. They are diluted with an equal 
volume of water, and the seeds immersed in them for 48 hours. The 
seeds are after this time taken out, mixed with ashes, and passed over 
a screen. After this treatment they may be put in bags and kept in a 
cellar or other cool place until needed. When ready to be sown they 
must be quite dry on the surface, in order that they may not adhere to 
each otlier in sowing. Other solutions for the purpose have been used 
in France and Germany, the values of which. Basset t states, range in 
the order in which they are named: 

1. Mixture of urine and water in equal parts. 

2. PuriUy or manure juices, pure or dilute, for which may be substi- 
tuted ordinary water in which has been macerated guano, fowls' or 
pigeons' dung, so as to obtain a solution of a density of 1.016 or 1.020. 

3. Solution of nitrate of potash of 5 x>er cent. 

4. Solution of phosphate of ammonia of 2^ B. 

5. Solution of superphosphate of lime 2 per cent. 

6. Solution of 2 to 2.5 parts chloride of lime in 100 of water. 

7. Dilute acid .solutions of 1 to IJ per cent., prepared only with hydro- 
chloric, sulphuric, or phosphoric acids. 

* La Bettrave d Sucre. 

t Chiide Pratique du FaMoant de Sucre. 
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Solutions of nutritive matters are considered more favorable to the 
purpose than pure water, because the latter in prolonged soaking will 
often remove from the seeds some of their SQ]Luble constituents. The 
length of time during which the soaking should be continued might vary 
somewhat, according to the temperature, but it is generally confined to 
48 hours, and 24 are often considered sufficient. Basset states that 
during 24 hours seeds will absorb — 

69 per cent, their weight of water at 39.9o Fahr. 
91 per cent, their weight of water at 50.8o Fahr. 
95 per cent, their weight of water at 60^ Fahr. 
97 per cent, their weight of water at 65^ Fahr. 

Experiment has shown that seeds require, in a soil sufficiently moist 
and aerated, a total sum of degrees of average temperatures equal to 
650 Fahr. for germination. Thus if the average daily temperature be 
50°, 13 days will be required for germination ; if it be 55^, then 12 days 
will suffice ; and if 65^, only 10 days will be required. If, however, the 
seed be soaked for 24 hours in water at 100^, then the total sum of ther- 
mometric degrees, and consequently the number of days required for 
germination, will be correspondingly reduced. K they be soaked 48 
hours at 100°, then only 9 days will be required for germination in the 
groond at an average temperature of 50^, and a correspondingly less 
time with a higher temperature. 

With regard to the best time for sowing them. Basset* directs as a 
rule : ^^8ow as early as possible a>ccording to the temperature of your locality j 
whatever may otherwise he the method chosen.^ Thus, when the tempera- 
ture of the air is from 50^ to 54P Fahr. at noon, 46^ to 50^ in the evening, 
and 320 to 36^ in the morning, sowing may be begun without fear of 
unfavorable temperature. This may be combined with observations of 
the temperature of the soil, which should at the same time have an av- 
erage of about 450 at a depth of 4 to 6 inches. 

Concerning the depth to which the seed should be covered in the 
ground, opinions differ somewhat, but it will naturally follow that much 
must necessarily depend upon the temperature of the season, the phys- 
ical condition of the soil, and the proportion of moisture. The seed re- 
quires the presence of oxygen for germination, and, therefore, if the 
penetration and circulation of atmospheric air be rendered difficult or 
impossible on account of a close, hard character of the soil, this func- 
tion cannot be exercised, and Uie seed will rot in the ground. If the 
soil be permeable and contain sufficient moisture, the depth of coveriug 
the seed will vary with the temperature. If this be too low, again, the 
seed will* rot. But with a favorable temperature and a good physical 
condition of the soil, less attention may be given to the depth of seed- 
ing. However, it is considered a good rule not to bury the seed under 
any circumstances more than 1 to 2 inches, and experience has shpwn 



jk. 



* Guide Pratique du JP^hricant de Sucre, p. 387. 
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that at this depth, other things being equal, a higher percentage of the 
seeds will grow than at any other. 

Li all of the beet-growing districts of Europe the system of planting 
in rows has been adopted, but in later years the attention and expeod- 
ments of the progressive men have been directed to the determination of 
the influence of the distance between the rows and the beets in the rows 
upon the yield per acre and the saccharine value of the crops. In ear- 
lier years the practice was to separate the roots to such an extent thjat 
each square yard of surface should be devoted to six roots, but the ex^- 
rience of later years has shown that it is better to increase the number 
for this surface to ten. The extent of separation must naturally vary 
with the character of the soil and the seed grown. If in rich soils the 
roots be widely separated from each other they have at their disposition 
more of nutritive materials, and there is, of course, a tendency to the 
production of large roots, which, we have seen, will contain more of min- 
eral and organic impurities and less of sugar. On the other hand,^if 
grown more closely the stock of nutriment is less, the beets are smaller 
and longer, and consequently richer. Tet, notwithstanding the smaller 
volume of the beet produced, the weight of the total yield per acre is 
very much larger than when the roots are separated to greater distances. 
These facts are amply illustrated in the results of the experimentsy}f 
various workers in the sugar-growing districts of France. 

The following table shows the averages of the results obtained from 
experiments made by the SociiU d? Agriculture de Compi^gne in conc^ 
with the ComiU des Fdbricants de Sucre de VOise. This recapitulation 
is made simply according to the separation, and without regard to tiie 
fertilizers employed. 

rDiatanoe between the rows, 18 inches.] 



Distance between beets in 
the lows. 



Ten inches 

Poiirteen inches. 
Eighteen inches. 



I. 
i 



32.533 
29. 615 
31.048 






Lb8. 

1.88 
2.23 
2.85 



§ 



i 



o 

e.79 

&06 
5.05 



Per hundred of jnioe. 



OQ 



14.55 
12.68 
12.40 



i 



1.0823 
0. 8105 
0.8700 






2.0910 
2.2976 
L0142 









8L93 
80.19 
86.71 



s 

•s 
m 

o 
o 



flB 



19.58 
15.61 
14.43 



s« 

O 4 

o 



8,473 
7,4» 
6,691 



Pagnoul's experiments, conducted during a series of eight years, gave 
similar results. He concludes that close planting gives beets which 
are, 1, richer; 2, better quality ; 3, of larger yield in weight; 4, less ex- 
hausting to the soil. He took, for his wider separation, 20 inches be- 
tween the rows and 20 inches between the roots in the rows, and for the 
smaller separation 17 inches between the rows and 8 inches in the rows. 

1. The richness of sugar in percentages of the weight of root was : 

For the large distances KJ.2 

For the smaU distances 19l3 
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2. The proportion of alkaline salts, giving at the same time the meas- 
ure of the foreign organic matters, was for 100 of beet : 

With large distances f ...' 1.512 

With aman distances .' 0.722 

3. With large distances there were 10,326 roots per acre, and with the 
small distances 46,122, or nearly triple. The yield in weight per acre was : 

Tons. 

With large distances 28.035 

With smaU distances 36.045 

4. The quantity of *salts removed per acre would be equal in round 
numbers to: 

Pounds. 

With large distances - 840 

With smaU distances 520 

M. Pagnoul says, in conclusion : 

Beets at smaU distemces, while piodncing more of sugar, absorb less of saline matters. 

Now we know that the constituent principles of sugar are entirely furnished by the 
jatmosphere^ and that the saline matters are furnished by the soil and by fertilizers ; 
therefore, beets at small distances from e<ich other (i. e., closely planted) are less exhausting 
to the soU, 

Close culture is more profitable at the same time to the grower and the manufacturer. 

Dnbrunfant says :* 

The multiplication of subjects to avoid large roots, and to facilitate at the same 
time the production of a good constitution of the cellular tissue, is another condition 
to which great importance should be attached in the interest of riclmess in sugar. 

Briem sayst "the separation of the roots should be 15 by 10 inches." 

In a late discussion in the meeting of the Cercle Agricole du Pas-de- 
Galais^X ^^ ^^ developed that though the distance of 17 inches between 
the rows was stiU in use, it is gradually giving way to the wider sepa- 
ration of 20 inches, on account of the difficulties experienced in horse- 
hoeing and the deficient aeration of the improved races of beets with 
strong foliage, which require more room. 

At the same time that the wider distance between the rows is adopted, 
the roots are left closer to each other in the row about 8 inches ; that is, 
to confine them to fix)m 7 to 9 roots to the square yard of surface. 

The experiments of M. Pagnoul, and results he obtained, together 
with the other facts and figures given, will be sufficient to show the im- 
portance of this matter of close planting, without quoting the results of 
the same character obtained by Corenwinder, Ladureau, Manage, Pellet, 
Deherain, Vilmorin, and others; and we may conclude that for the 
methods of culture that must be employed in the United States, where 
hand labor cannot be obtained, the wider distance between the rows, 20 
inches, should be adopted, separating the roots not more than 8 inches 
in the rows. ^ 

*La Sucrerie Indighncy xiii, 460. 
\ Journal des Fahricants de Sucre, October 23, 1878. 
X Journal des Falrioants de Sucre, June 4, 1879. 
8SB 
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The cultural manipulations proper of the crop should begin as soon as 
the beets are up and the leaves sufficiently developed to distinguish the 
rows ; and we may acclpt the statement so universally reiterated by 
those who speak and those who write on the subject, as supported by the 
success of the practice, that '^ early and frequent cultivation cannot be 
too strongly recommended; it kills weeds scarcely started and forms a 
stratum of mellow earth which constitutes an obstacle to dryness by day 
and assimilates the moisture of the night." 

As before stated, as soon as the rows are define^ by the development 
of leaves the first cultivation by hoeing begins. 

In France this is, in many sections, performed by hand, while in others 
it is eftected by means of the horse cultivator, the object being, of course, 
the destruction of weeds and stirring up the soil. At this time, also, 
many growers make an application of nitrate of soda or potash. Two 
weeks later the beets are thinned out, so as to leave the roots about 8 
inches apart from center to center, after the manner described above. 
After this the crop receives about three hoeings or cultivations, and 
more than this if time allows, for the work should be discontinued about 
the 1st of July, according to some authorities, or it may be continued as 
long as the leaves will allow, according to others. The latter will proba- 
bly be for all localities and climates the better indication. 

After the final hoeing, about the 1st of July, no other care is neces- 
sary, with the exception of the removal of seed-stalks that may occasion- 
ally appear, especially if July and August be dry, until the harvesting, 
which should take place before the appearance of hard frost. If the 
roots be frosted in the ground they are rendered unfit for storing and 
preservation in caves or trenches for extraction of the sugar in the late 
winter, which is of course often necessary. 

Harvesting is generally begun about the middle of September, and 
may, according to the condirion of maturity of the crop, continue until 
the middle of October. 

Pulling the roots is sometimes effected by machines that have been 
devised for the purpose, but the method generally employed is hand- 
pulling ; the latter facilitated by the assistance of the pick or plow. 
In many cases a narrow furrow is made near to the row, which loosens 
the earth about the root and renders its extraction from the ground 
easier. The operation must in all cases be exercised with great care, in 
order that the roots be not bruised or cut, accidents which increase the 
tendency of roots to decay when stored. They should also be pulled 
when the ground is in the driest condition. If the ground be wet at 
the time of pulling, the earth will adhere to the root, and this wOl also 
prodYice a tendency to decay. Besides this, trouble will arise in the de- 
termination of the tare in the delivery of the crop to the manufacturer. 
In most cases the leaves are removed from the beet in the field, either 
at the time of pulling or at the time of charging them to the carts or 

igons in which they are to be transported, either directly to the fiac- 
y or to storage. If there be danger from frost the roots are piled in 
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pyramidal heaps, either before or after the removal of the leaves, in 
such a manner that they may be covered by their leaves or by straw. 
The leaves are removed by a knife or other instrument sufficiently strong 
and heavy that the operation may be effected at a single stroke. It is 
estimated that 20 laborers* (women and children) will be required to 
pull and prepare for transportation from the field the crop of an acre of 
beets in one day. 

Bat this estimate is made for French laborers, and we may calculate 
that only half the number of laborers will be required in the United 
States to do the same amount of work. 

The beets to be preserved, if all surface moisture has not already 
evaporated from them, should, before being placed in trenches or cellar's, 
be temporarily stored under sheds. Here the wounded, withered, or 
frosted roots, which would be subject to rot, are separated ,if they have 
not already been in the field. The larger -roots are also separated for 
the same reason. When thus separated and prepared they are ready to 
be stored. In the preservation the conditions to be avoided are too low 
or too high a temperature, too moist or too dry an atmosphere. With 
too low a temperature they deteriorate by freezing. This is not so in- 
jurious if the roots can be worked before they have an opportunity to 
thaw ; otherwise, much of the cane-sugar changes over to inverted sugar, 
and must necessarily pass into the wastes in the processes of extraction. 
If too warm, similar effects will be produced by growth of leaves, as 
shown by Corenwinder and others. If too much moisture be present 
the roots have a tendency to rot, and if too little be present there will 
be a tendency to wither, and this effect is always accompanied by a loss 
of sugar, besides increasing the difficulty of extracting the juice from 
the root. 

The best temperature for preserving the roots in the fresh state, which 
is the condition of preservation most employed in France, is between 
350 and 40^ Fahr. The equilibrium of moisture between the air and the 
root should be so maintained that evaporation may not take place; at 
the same time, as before stated, excess of moisture must be scrupulously 
avoided. Prudent cultivators consider that the roots should be so ar- 
ranged in storage that they shall never be more than three feet from an 
air passage, in order to secure constant and regular renewal of the air to 
cany off noxious gass^, superfluous moisture, and regulate the tem- 
perature which always has a tendency to rise. The cellars or trenches 
must also be thoroughly drained, so that any water that may collect in 
the bottom may flow off. Temporary trenches are often made in the 
fields, but the more advanced growers are preparing permanent ones 
with well-paved bottoms and walled sides. /They are generally 8 to 10 
feet wide and 6 to 8 feet deep. I have seto them with walled sides 9 
by 9 by 36 feet. 

« 

"In the department of Seine-InftSrienre 10 laborers are generaUy employed for pnU- 
ing the crop and preparing ibr transportation, 5 to puU the roots and 5 to remove the 
leaves and tops. 
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Along the bottom of the ditch and through the middle of it is made 
a small trench to convey any water that may percolate through the 
walls or through the roots. Before the beets are placed in the trench 
the bottom is covered with poles, or in any other convenient manner, to 
keep the roots off the bottom and provided for free circulation of air 
under them and drainage of water. Straw is often used for this purpose, 
but is considered bad because it is subject to packing and decay, and the 
latter will, of course,bec(Hnmunicated tothe storedroots. Theyarethen 
packed in the trench and covered with straw or leaves and finally with 
earth. The depth of covering must be determined by the climate. In 
the case of permanent walled trenches, which amount in reality to elon- 
gated cellars, I have seen them covered with a very thick thatch of straw, 
proi)er openings being provided for ttie necessary v^itilation. In this 
way the roots may be preserved throughout the entire winter. If they 
should by accident be frozen^they should be preserved in this ccmdition 
xmtil they are worked. Indeed this condition constitutes one of the 
modes of preserving them where a sufficiently low temperature may be 
maintained to keep them in this way unchanged without an opportunity 
for thawing, and is recommended by some authorities. In sections 
^^diere excessively cold winters prevail it might be found a very conven- 
ient method for the purpose. 

Desiccation may be practiced where the method of diffusion or macer- 
ation has been adopted as the means of extracting the juice. It has 
the advantage of preserving the beet perfectly, with no danger fix)m 
variations of temperature if the product be kept free from moisture or 
a moist atmosphere. They are also in the most favorable condition for 
ready transportation to any distance. 

For the purpose of drying, the roots are cut in slices, and in warmer 
climates placed in the sun, but in ordinary climates they are dried in 
ovens by artificial heat. The method has the disadvantage of requiring 
a double expenditure of fuel in evaporation, i, e., for the removal of the 
water of vegetation and the water of diffusion employed for extraction 
of sugar. 

We see therefore that the experience of French growers and scientists 
proves that to secure the greatest profit from the culture of the beet the 
following x>oints must be observed: 

Choose well-drained permeable soils, not oveJtcharged with nitroge- 
nous organic or soluble mineral matters. Choose the best qualities of 
seed. Give preference to smaller seeds. The best beets for all purposes 
are long, tapering, and smooth; do not grow out of the ground; are of 
moderate size and are dense and heavy. Plow deeply and as firequently 
as may be necessary to make the soil mellow. The more it approaches 
that of a garden in physical condition the more favorable it will be for 
culture of the beet. 

Be careful in choice of manures to be employed. Eemember that 
insoluble and not easily assimilable nitrogenous organic compounds, 
before they can be of use to the crop, must be thoroughly disintegrated 
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and decomposed. They must therefore be applied sufficiently in advance 
of the crops to secure this effect. Soluble nitrogenous compounds may 
be applied immediately in advance of or simultaneously with planting, - 
and of these the nitrates are preferable. Nitrogenous compounds have 
a tendency to extend the period of growth and delay the time of ripen- 
ing. This tendency is counteracted by the phosphates, in consequence 
of which they increase the production of sugar. 

Stable manures must in all cases be worked into the soil with the fall 
plowing. Do not apply more than 10 to 15 tons per acre, and supple- 
ment it with nitrate of soda and superphosphate of lime at the rate of 
from 200 to 400 pounds of each per acre, according to the character of 
the soil. 

Alkaline salts should be applied with great caution, and only to soils 
manifestly wanting them. They add to the cost of culture, and often 
reduce the industrial value of the crop. Plant closely j 18 to 20 inches 
between the rows will be found the most convenient and favorable for 
culture in the United States. Separate the beets by about 8 inches in 
the row. 

Cultivate early and often, and continue as long as the leaves will per- 
mit, but not longer than the middle of July. Do not harvest until the 
crop is thoroughly ripe, but it must not be allowed to be injured by 
frost. 

Store the roots in such a way that they may be protected from ex- 
tremes of temperature and moisture, and observe care in ventilating 
trenches or cellars; otherwise the roots will rapidly deteriorate. 



OHAPTEE VI. 

SOCUL CONBITIONS AFFECTING BEET-BOOT CULTURE. 

It is rather difficult to determine to what extent existing social con- 
ditions and habits of a people may affect the profitable operation of an 
industry in the different countries, as based upon the density of popula- 
tion, the percentage thereof engaged in active work of production, 
whether of employers or employed, in the factories or on the farms. 
While it is true that there must be a sufficient abundance of laborers in 
the population of a section to satisfy the demands made by the manu- 
facturing processes, it is also true of the industry of production of sugar 
from the beet that it provides work throughout the entire year, in the 
factory in the winter, when laborers oji the farms are comparatively 
idle, and employment in the summer in the cultivation of tk© crop. 

The following table, showing the population of the different depart- 
ments of France engaged in agricultural work, serves to illustrate the 
difficulty of determining from this source any special influence upon the 
extension of this valuable industry. The table is nevertheless of inter- 
est, and will explain itself: 
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Notwithstanding the difficulty mentioned above, I have obtaiiied, 
through the courteous assistance of Mr. Worthington, statistician, of 
the department, data from which the following table has been con- 
structed, showing the relations between the total population that is ac- 
tively employed and that engaged in agricultural pursuits in the North- 
ern and Western States, or that section of the United States in which 
there is any possibility of the culture of the sugar-beet taking firm hold 
and becoming a source of profit to the producer. From the figures given 
in these two tables, and the tables showing production in each depart- 
ment of France, each one may estimate for himself the possibilities of 
success in the introduction of beet culture for sugar production in his 
section as depending upon these relations : 

Table showing total number and proportion of the inhabitants engaged in agricultural worky 
as pompared toith those engaged in industrial ^nd professional oeoupaiions in the Northern 
and Western States. 
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Tiible showing total number and proportion of the inhaUtanla engaged in agricultural work, 
as compared with those engaged in iudustrial and professional occupations in the Northern 
and Western States — Continned. 
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The relations between the proprietors or tenants of farms and labor- 
ers in the beet growing sections of France are comparatively simple. 
In many cases the family of the land-holder joins him in the labor re- 
quired in the production, but in the great majority of cases he must 
secure assistance from external sources. Sometimes laborers, men and 
women, for hoeing, weeding, and pulling the crop, are employed by 
the land-holder himself, and he performs the function of overseeing the 
work in the fields, and this is the method generally pursued in sections 
in which day laborers are easily obtained, but in sections in which labor 
is scarce Ihe contract system is resorted to, and the work of cultivation 
is intrusted to a single person at a given rate per acre, and this individ- 
ual undertakes to find the laborers and do what is required. The rate 
of pay for agricultural work varies from 50 to 90 cents per day for full- 
bodied and adult laborers, being less for some women and children that 
may be employed. 

But the relations between the producers and the manufacturers are 
much more complicated in their character, and often give rise to serious 
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difficulties and vexatious disputes. Under the plan of sale and purchase 
of the crops at a given rate per ton, as fixed in the contract between 
them, it becomes the desire of the producer to obtain from the land 
planted in this crop the largest possible quantity, without regard to 
quality. On the other hand, the manufacturer, studying his own inter- 
ests alone, and desirous to obtain the largest possible profit from the 
material he must handle, would have only good quality, without regard 
to the quantity that may be yielded per acre to his colleague, the pro- 
ducer. In the pages which precede this we learn that large yields per 
acre generally meant, in the sCncient modes of culture, large roots, and 
these large roots were found to contain much larger quantities of organic 
and mineral matters other than sugar than roots of smaller size, and 
that these impurities have deleterious eftects upon the quantity of sugar 
that may be extracted by the means usually employed in the factory. 
We have also seen that there are various influences tending to the in- 
crease of the impurities, among which we have mentioned qualities of 
soil, depth of plowing, character of the fertilizers employed, and the 
time and mode of applying them, the kind of seed used and mode of 
planting it, and the treatment of the crop during growth or subsequent 
to harvesting it ; and all these matters the manufacturer seeks to con- 
trol, making them so fat as possible the basis of the conditions of the 
contract, to which the farmer on his part must submit. He also endeav- 
ors to secure to himself the right to superintend, personaUy or by proxy, 
the work of preparing the soil, application of manures, and sowing, and 
to furnish at the lowest market rates the seed to be sown 5 the latter to 
be paid for by deduction from amount due the grower on delivery of his 
crop to the factory. But, as before stated, the existence of all these 
conditions produced innumerable disputes, involving many costly suits 
at law, and intelligent agriculturists and honorable manufacturers have 
endeavored to determine a means by which both the farmer and the 
manufacturer may be free from all special conditions in the production 
of the crop or its acceptance for manufacture, and this has given rise to 
the system of purchase by density, or according to the quality of the 
product delivered at the mill. In the study of the means of estimating 
quickly and accurately the quantity of sugar existing in the juice of the 
beet root, it was found that if the density of a sample of the juice of 
a root be taken shortly after being pulled, there is a definite relation 
between this density and the proportion of sugar it contains ; and it is 
this relation that constitutes the basis of the new system. They retain 
so much of the old system as provides for the determination of the 
amount of tare to be allowed when the roots are delivered, however, 
and this is effected in the following manner : The director or superin- 
tendent of the works being present at the time of delivery, acts in con- 
cert with another person who is employed to act on behalf of the pro- 
ducer. Each select from one or more loads three or more beets, such 
as it is understood he considers a fair average of those constituting the 
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load. In actual practice the representative of the farmers selects the 
best specimens he can find, and^he superintendent of the factory takes 
the worst specimens obtainable. 

The roots thus selected are then weighed, the adhering dirt and the 
useless portion of the tops and leaves that may remain removed, and 
the difference in weight found by a second weighing is accepted as a 
basis for calculation of the tare to be applied to the entire crop to be 
delivered. The manufacturer has, however, always the right to demand 
a new determination of the tare, if at any time during the delivery of 
the roots he considers them in worse conjdition than at the time of the 
first determination. « 

After the same manner the quality in the new system is determined. 

In the first place, the rate to be paid according to the density of the juice 
is fixed in the contract between the supplying atid receiving parties, and 
this is generally $4 per ton of 2,200 pounds of beets, the juice of which 
has a density of 1.055. The scale of the densimeter used in the estimar 
tion of values is so divided that the figures representing what are tech- 
nically called degrees of richness may correspond with the hundredths 
figures representing the specific gravity. Thus, 5 degrees in the scale 
of richness means a density of the juice equal to 1.050, and 5.5 to 1.055. 
A beet givmg a juice having a density of 1.055 is considered of gpod 
average quality, and will contain about 11.2 .per cent, of sugar, and this 
root will yield in manufacture about 6 per cent, of merchantable sugar. 
It would be better, or, rather, more nearly correct in this work, to make 
at the same time an estimation of the organic and mineral impurities ; 
but this would require special knowledge not possessed by the farmer, 
and the value, as determined, would be by no means as naanifest to him, 
nor would it be as readily accepted by him. By the method proposed in 
the use of the densimeter, he is able to participate in the estimation of 
the quality, and he can much more readily understand it. 

A juice having a density of 1.055, or of 5.5 degrees, is considered of 
very fair quality, and this degree has been adopted by many as that 
upon wliich the price of $4 per ton of 2,200 pounds shall be based. The 
variations of price for degrees above and below this standard degree of 
richness is determined and settled upon in each contract j but it is in 
general, where the system has been adopted, 4 francs (80 cents) for each 
degree ; that is, for each degree above the standard, 5.5, this amount is 
added, and for each degree below the standard the same amount is de- 
ducted. But this standard of values, depending upon the degrees of 
density above and below 5.5y has been the subject of earnest discussion, 
for it has been found that the same relation between the density of the 
juice and its sugar content does not always hold good for degrees above 
and below the figure Mopted. 

The commission established to determine the readiest means of esti- 
mating the value of the root for commercial purposes acknowledged this 
fact, and that while the reading of the instrument might correspond to 
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2 per cent, of sugar for eaeh tenth between 5.0 and 5.6, above and below 
these limits this coef&cient is incorrect.* Below the lower limit the beets 
are less rich than is indicated by the densimeter, and above the higher 
limit they are richer than the indications. By the same commission it 
was questioned whethej there should be established a relation between 
the price of sugar in the markets and the standard price to be paid for 
roots having a richness corresponding to 5.5 degrees of the densimeter, 
bat they concluded, after a consideration of the matter, that this would 
be impracticable.* But M. Blondel proposes a scale of prices to vary 
with the ranging prices of sugar in the market, and, accepting 4^ de 
grees as the standard, believes it just to make a standard price for this 
degree, and an addition of 3 per cent, for each tenth of a degree above, 
and a similar deduction for each tenth of a degree below. When sugars 
are worth 14 francs ($2.S0) per 100 kilograms (220 pounds) in the mar- 
ket, he would pay 14 francs per ton for roots the juice of which has a 
density of 4.5 degrees, and for each increase of one franc in the market 
prices of sugar he would add 25 centimes (5 cents) to the standard price 
per ton of roots. The system of purchase by density, while it amelio- 
rates the relation between the manufacturer and producer, places a 
check on the grower of roots of bad quality, and furnishes a premium 
to the producer of those of good quality, and becomes an incentive to 
effort in the further improvement of the saccharine value of the crop. 

The actual relations between the manufacturers and farmers in France, 
under the old and new systems, are well illustrated in.vhe following 
copies of the old form of contracts and of the record of proceedings 
of the Reunion of Agriculturists^ held at St. Quentin, March 2;>, 1876, 
for the determination of a new form of contract, which they finally 
adopted, and which I have been able to obta»in through the courteous 
intervention of Mons. H. Vilmorin, of Paris. 

Copy of table of conditions in use at Saint Quentin. 
THE AISNE SUGAR MANUFACTURERS' CLUB. 

Sugar-Beets. 

The designation sugar-beet excludes the varieties known asDisette, come de hoeuf, long, 
yellow globe, and heitraves houieu9e8,i or those grown npon cleared forests or marshes. 

Beets when delivered shaU be cat off inunediately below the last or lower leailet«. 
They shall be healthy and free from all alteration. 

Tare, — ^Tare comprises, besides earth, the rudiments of leaves and woody portions of 
the top. 

Reception of beets shall take place at the factory, or, ifpoesUflef at the boat-landing. 



* Journal dee Fahricanis de SucrCj 1878, March 6. 

t According to a decision by arbitration of .January 5, 1872, and confirmed by decree 
of the court of Douai of July 3 following, beets of the variety houteuse or Boutoire are 
not merchandise of good grade, and may be refused by the manufacturer. 
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SITGAB FACTOBY OF THE SOCIETY OF PEKBUWELZ, AT PEBBUWELZ. 

No. 71. 

Between the subscribers : of the first part, the administration of the Society ofPemi'- 
wel2 for the manufacture of sugar from beets and of animal charcoal , the headquar- 
ters of which is at the establishment of Perruwelz ; of the second part^ M. Louis 
Leturcq^ cultivator, domiciled at Roncourt. Parties to the following agreement : 

Articus I. The party of the second part engages to coltivate during the campai^ 
of 1874, in beets called Silesian, green top or pink top, the following quantity of 
land: 

Art. IL The grower may use only the seed furnished by the factory or permitted by 
the administration, and in the latter case at his own risk and peril. 
• Art. IIL The seed shall be furnished by the factory from the 15th to the 31st of 
March at the price of 1 franc per kilogram (9 cents per pound). 
* Art. IY. The beets shall be planted before the 15th of May upon a good clay or 
sandy soil, suitably prepared without excess of manure. The latter shall not be dis- 
tributed after June 15, neither shall direct application to the plant be allowed. 

Art. Y. The plants shall remain completely provided with their leaves — ^that is, the 
leaves may not be cut off for feeding purposes until the time for pulling, which shall 
not be made mpre than five days before their delivery at the factory. However, after 
the 25th of October the beets may be pulled at once and piled in heaps or stored in 
trenches until the time of delivery. 

Art. YI. All beets shall be delivered healthy, free from earth, leaves, and ** turoU,^ 
Their weight shall be determined at the office of the scales at Perruwelz, with a 
tare of 5 per cent. This tare shall be rated according to the cleanliness and the 
quality of the beet. Above 15 per cent., and if the beets are rotten, frozen, or of bad 
quality, the purchasers may refuse them, or accept them with a tare, which they 
alone shall value or appraise. 

Art. YII. The delivery of the crop shall be made at the trenches of the storehouse 
of the sugar-works of Perruwelz at the price of 20 francs ((4) per 1,000 kilograms 
(2,200 pounds). 

Art. YIII. Beets grown in gardens or upon low, wet, or turfy soils will be refdsed. 

Art. IX. The purchasers reserve the right of inspection by their employes of the 
fields planted, in order to be assured that there is no detraction from the agreements 
herein stipulated; and in case of infringements it shall be optional with them to make 
a reduction of 2 francs (40 cents) per 1,000 kilograms (2,200 pounds) or to declare the 
present contract null and void. 

Art. X. The person furnishing the roots shall have the right to a quantity of pulp 
equal to 20 per cent, the weight of the roots delivered by him, at an average price of 
10 francs ($2) per 1,000 kilograms (2,200), but he shall lose this right if he fails to come 
and take the delivery on the day which shall be indicated by the manager of the so- 
ciety. 

Art. XI. In order to avoid obstruction on the reception of the crop, the dates for 
the deliveries shall be at suitable times designated by the purchasing administration, 
having regard for the greater or less quantities of the crops to be furnished, and in 
general in such a manner that 15 per cent, and no more may be called from the 15th 
to the 30th of September and 50 per cent, from the 1st to the 25th of November and 
not after. 

Art. XII. Payment for roots furnished shall be made as promptly as possible, but 
certainly before the end of January. 

Art. XIII. Beets pulled with a hook shall be refused. 

LOUIS LETURCQ. 

(Made in duplicate at Perruwelz this 8th day of January, 1874.) 
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The following is a copy of the record of the proceedings of the Beunion 
of AgrieuUurists held at St. Quentin (Aisne), France^ March 25, 1876, 
for the consideration and adoption of a form of arbitration bond be- 
tween growers of beets and sugar manufactorers, depending upon the 
new system of purchase of beets by density of the juice: 

ArhitraMon bond adapted by tii« Reunion of Agriculturists keld at Saint Quentin {Ai8ne\ 

France, March 25, 1876. 

The TOimion of agriooltiixiBts of the ttrrondissement, called together for the purpose 
of studying the zneans of fixing upon a better defined basis of the relations between 
the sugar culture and industry, and to examine in its practical relations the purchase 
of the beet according to its quality, met on the 25th oi March at Ferragues in the hall 
of the Tribunal de Commerce. 

Two hundred and forty coltiYators assisted at this reunion, under the presidence of 
M. Albin Damoisy. 

In opening the meeting the president caJled attention to the promptness with whicii 
the growers responded to the call of the committee. They thus prove that they com- 
prehend the joint responsibility existing among their members and that they arejcapa- 
ble of uniting when their interests ore at stake. 

The president then stated the motives which induced certain agriculturists to call 
this reunion together. 

The crisis bearing upon sugar manufacture enters into the culture of the beet in a 
new phase. The manufacturer now demands a richer raw material than in the past, 
the purchase c^ which shaU be based upon its quality. 

The cultivator does not object to this reform, but wants it in such a way that his 
interests may be guarded. 

The quality of the sugar-plant may be thus stated : The density of the juice is a cer- 
tain index of the saccharine richness. Science and practice are in accord on this 
point. On the other hand, the meaus for taking the density have been the object of 
serious study, and in this relation also practice has shown that certain methods offer 
for the seller, as for the buyer, the double guaranty of impartiality and exactness. 

But it is not enough to possess practical means for determining the quality. It is 
further necessary to bo able to determine a price according to these variations. For 
this purpose a basis must be fixed. Culture admits of 5 degrees because this figure 
corresponds with the average density of our region, and indicates a plant of good 
quality, susceptible of yielding a profit to the industry which transforms it. 

On the other hand, if the cultivator consents to reductions of price below the basis, 
he requires that aU superior richness shaU be paid for proportionaUy, a requirement 
conformable with good sense and equity. 

As to the refusal of merchandise which does not possess a minimum richness, this is 
an inadmissible requirement. The producer of beets cannot involve his interests in 
a situation which leaves him such uncertainty, because the quality of the plant does 
not depend simply upon his operations, but upon atmospheric circumstances as well. 
Besides, the purchase according to quality, which gives the manufacturer the right to 
reduce the price when this quality is below that of the base, assures to the sugar- 
works sufficient guaranties. 

The 8o€iit4 des Agrieulteurs de France has thus decided, because by a minority of 116 
votes against 42, it rejected this idea of limitation. 

In short, the plan of arbitration bond proposes an arbitration to settle possible con- 
flicts. The beet is an encnmbering merchandise, and subject to rapid alteration. It 
cannot, like the cereals or oleaginous seeds, be stored. It requires that all differences 
relative to the delivery shaU receive prompt solution. 

Growers have therefore no cause to be timid concerning the new mode of purchase 
proposed, provided the practice be regulated in a judicious manner lu advance. 
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Tliis innovation woold inyolve the neoessity on the pftrt of the prodnoen of beets 
ot' placing at each factory a representative charged with the inspection of the mani- 
fold operations cotmeoted with their deliveries, and the eogar works would willingly 
accept this agent, not only because it would be the exercise of a right, but also beoause 
this agent would relieve them of all responsibility to the veud(Hr. 

En r49um^ the plan of an arbitration bond submitted to the assembly is intended to 
prevent the return of the difficulties of 1675. It takes account of the reclamationa 
raised by the sugar manufacturers, and at the same time guards the interests of the 
growers. 

A work of condliation, this arbitration is not drawn up for the exclusive profit of 
one of the parties ; growers and the sugar manofactaTers alike may make it the basis 
of their conditions. 

After this statement followed by a discussion participated in by Messrs. Lalaui^ 
Lehoult, Ernest Kobert, Thuete, Eustache Damoisy, Suin, Francois Honorez. Gladieux, 
• Gonzelle, Yoiret, and other cultivators, the difEerent articles of the plan for the arbi- 
tration bond were successively studied, modified or adopted, and the assembly ad- 
journed, after having adopted almost with unanimity the entire arbitration bond 
worded as follows: 

AKBITRATIOK BOND BASED UPON PUB€HiU9B AOCORDINO TO QUAUTT. 

Articlb I. The beets shall be delivered at (.he sugar-factory, the rasping-works, or 
the scales. 

Art. II. They shall be delivered healthy, without top, cut off immediately below 
the last leaves. 

Art. III. **Bout€U8e8f" or forage beets, frozen or altered ones, or those coming from 
marshes or cleared woodland, shall be refused, or at least specially reserved. 

Art. IV. The delivery shall be made on all workable days, without interruption, 
from five o'clock in the morning to seven o'clock in the evening in September and 
until the 15th of October. After this date it may take place from six o'clock in the 
morning until six o'clock in the evening. 

Art. y. The discharge of merchandise must be cared for by the purchaser, who 
shall take measures necessary to prevent delay in transportation. 

Art. YI. The weight, tare, density, and all operations depending upon the delivery 
shall be taken in presence of the vendor or his agent and assistants. 

Art. YII. The tare shall be determined with a basket of beets taken without choice, 
and in the same manner as the discharge is effected. 

Art. YIII. The density is taken with the same lot of beets whieh have served fbr 
determination of the tare. It is taken with each tare and immediately after it. 

Art. IX. The density shall be taken by one of the three methods given below : 

1st. Either by rasping the entire basket of beets that have served for taking the 
tare. 

2d. Or by dividing all the roots in the basket into fourths, in the direetion of th^ 
length, and rasping one-fourth of the whole. 

3d. Or using the cylindrical borer, whieh shall be passed into each root m the bas- 
ket in a transverse direction near its center of gravity — ^that is, at about the upper 
third of its length — after it has been topped. 

Art. X. The density shall be taken and expressed in figures only after ten minutes 
after the densimeter (pese-jus) shall have been Immersed in the liquid. 

Art. XI. The monuflMturer of sugar shall not use the nnmerosus operations depend- 
ent upon taking the density as a pretext for delay in the entry of beets to his works. 

Art. XII. The price is fixed at — francs per 1,000 kilograms (ton) for beets, of 
which the pure juice at a temperature of 15^ centigrade (62° Fahr.) shall mark 5^ on 
the densimeter. 

Art. XIII. All degrees of density are paid fbr, and the price applied to the basis 

9BB 
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Bhall be increased or diminished acoording to the ascending or descending variations 
of density. 

Art. XIV . The additions to and redaction of the valne are estimated thns : 

Ist. Each tenth of a degree above the basis gains a premium of 2 per cent, between 
5^ and 6^, inclusively, and of 3 x>cr cent, above 6^. 

2d. Each tenth of a degree below the basis shall effect a reduction of 2 x>er cent, be- 
tween 5P and 4^, inclusivelyi and 3 per cent, below 4^. 

3d. These 2 per cents and 3 per cents are calculated upon the purchase price ap- 
plied to the basis. 

Art. XY. The person furnishing the beets shall have a right to a quantity of pulp 
corresponding to 20 per cent, the total weight of his deliveries. The price of these 
pulps shall be francs per 1,000 kilograms (ton). Everything is reserved concern- 
ing pulps obtained from continuous presses. 

Art. XYI. Payments shall be made according to the follov^ng conditions : 

Art. XYII. All differences on the subject of the present market, or operations de- 
pending upon it, shall be judged with little delay and as a last resort by arbitrators 
chosen by the parties, and whose decisions they agree to accept. In case of failure of 
agreement by these, then, by a third arbitrator named, at the request of the com- 
plainant, by the president of the ** Tribune ie Cknnmeroe de St» QuenUnJ* 
. St. Quentin, March 25, 1876. 

Ernest Robert, Secretary, 

ALBm DAMOISY, Presidmt. 

LALAUX, 

CARLIER JULES, 

THUET, 

BELMER, 

BOURY, 

PAUL DELACOURT, 

OBLET-MILLOT, 

VIRGILE DAYIENNE, 

Agrioulturiats, 

II is considered by the later authorities who have given attention to 
the relations between the producers of beets and the mana&cturers of 
sugar, that it is of great advantage, and is a potent means for reducing 
the chances of conflict between these two branches of the industry under 
consideration to have the farmers x>art owners in the factory. That is, 
in securing capital for establishing a factory in any section for the ex- 
traction of sugar from the beet, the farmers who must supply the raw 
material should be induced to subscribe for a certain amount of stock, 
and have in consequence a voice in the management, thus securing a 
bond of mutual interest This is the plan that has been followed with 
good results in Germany, where the number of shares that may be held 
by the farmer is based upon the area of surfiEM^ he may engage to culti- 
vate in beets for supply to the factory. 

The engagement by those having no ready money to cultivate a cer- 
tain area for supply to the fiK^tory is also sometimes accepted as an off- 
set to the capit£d of those having no landed property. While such con- 
ditions would scarcely be entertained in this country there would appear 
to be no doubt of the imxK>rtance of the influence that such a system of 
copartnership between the manufacturer and the farmer would exert in 
the introduction of this industry so novel to our people. 
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OHAPTEE VII. 
MANUFACTURE— PROCESSES AND ECONOMIES. 

The rapid decrease in the values of sagar has rendered necessary the 
strictest economy in all the modes and apparatus employed in separating 
it, and every possible means that has been devised for reducing the cost 
of securing the sugar is being adopted. 

This is evident in the relations between the producer and manufacturer 
that have already been discussed. But in the work directly under the 
control of the manu£a>cturer there are three sections which have claimed 
the attention of progressive men, and in which the greatest economy and 
improvement have been attained. These are methods for reducing the 
cost of transportation of the raw product to the mill, and securing a 
larger quantity to be worked at each establishment^ for securing from 
the roots a largfer quantity of juice at a reduced cost for labor and ma- 
chinery; and for saving the sugar lost in the molasses, which has here- 
tofore been utilized in the distillery to the loss of the sugar manufacturer. 

In the first of the methods for reducing the general cost of sugar pro- 
duction we have the system devised by Linard for the subterranean 
transport of juice through pipe lines, by which it is possible to establish 
small works for the extraction of the juice in sections in which it would 
be impossible to secure supplies for a factory of capacity sufficient to 
insure economical and profitable working, and to provide a cheap and 
ready way of sending the juice extracted to a central factory of large 
capacity and with the consequent appliances for separating the sugar at 
a minimum cost, and at the same time leave the pulp in the immediate 
neighborhood of the producer, who finds in this waste product a source 
of profit in its well-known value as cattle food. Maumen6 has given, in 
his Traits de la Fabrication du SucrCy page 207, &c., a description of the 
Hystem which is so complete that we consider it of value to give a trans- 
lation of it here. His description is as follows : 

To the extraction of the juioe is attached a new method we are about to describe, 
that of the subterranean transport of the juice. This is not a special means for 
extracting the juice but simply a means of procuring beets from very great dis- 
tances without an excess of the cost confined within the prescribed limits. The juice 
never representing more than 80 per cent, of the beet, its transportation would com- 
prise at most four-fifths of the ordinary cost ; besides, the flow of the juice in a tube 
may take place with no cost except the expense of purchase and placing of the pipe, 
when there is sufficient fall between the rasping- works and the factory. But without 
such very rare conditions only a pump and a little steam-power wiU be needed to 
overcome the resistance in the tubes themselves or counter inclinations. In fact, this 
mode of transport offers a more or less decided economy upon the ordinary method, 
and it has the especially enormous advantage of t)eing always practicable when ordi- 
nary tran8X>ortation may be arrested in default of horses, drivers, or even by bad roads. 
Besides, the profit resulting from the non-transportation of the pulp is doubled b^*^ a 
possibly greater benefit, that of delivering the pulp to the grower in the best condi- 
tion at the same place to which he brings his beets, and in a covered place, with no 
intermediate charging or discharging, as occurs in the usual system, especially on the. 
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scales £rom which they are almost always thrown upon the ground, eyen in a rainy 
time. 

Since 1867, the year of the establishment of the first pipes at Mont Comet (Aisno) 
for the length of more than 8 kilometers, * rasping works have been constracted in 
increasing numbers and at greater distances. There are now in existence (May 1, 
1875) 240. One of them serves a factory 32 kilometers distant, and the system has 
everywhere given good results. 

The juice cannot be poured into the pipes in the natural condition ; certain preserv- 
ing agents must be provided, and under aU conditions there is nothing comparable to 
lime. I may be permitted to say that without my studies on the preservation of the 
juice and the industrial tests of my process founded upon this preservation, Linard 
could not have thought of transporting so alterable a liquid in pipes of such length. 
With lime there is no fear of alteration, and the juice may travel long distances. 

'' Experiments made in the laboratory and industrially have sufficiently demon- 
strated that by the process of the Chemist Maumen^ juices may be preserved several 
months^ and even several years, and the case in point is but a modified application of 
this process. The juices therefore preserve all their qualities during their passage 
through the conduit." Such is the appreciation of Maui^ the colleagne of linard, in 
his note of 1869. 

The juice is limed at the rasping-works with one per cent, of lime, Ca O ; the aolntion 
IS total and rapid. After repose of twenty-four hours or lees the limpid juice is taken 
by a pump and forced into the pipe, which should be buried to a depth sufficient to be 
protected firom frost (24 to 30 inches). This pipe, which should be of iron of the fiist 
jhision, has a diameter which varies between 2| and 5 inehes, according to the quan- 
tity of juice to be delivered, the length of the oourssy and the accidents of the land. 
All precautions should be taken to secure a good eonstmction of the pipe, mechanical 
molding, upright casting, in order to have good cloee iron, free from bubbles, and of 
a regular thickness ; and testing of all tubes at 15 atmospheres before delivery, &c 
These tubes are 3.3 yards long. They are joined bj.a socket with a tarred cord, upon 
which lead is poured ; the metal is finall y tam pedwith a mallet. The pipe being fin- 
ished, it is filled with water before being covered. The few joints at which leaks occur 
ars retamped and the pipe covered. In case of subsequent aceident, all loss of juice 
promptly becomes evident at the surface of the soil. The pipe is generally laid on 
the roadside, whero the ''ooafoiisiter " or a special employ^ may easily see the slightest 
leak and report it to the fiictoiy . A loss of eight or ten quarts cannot be avoided, but 
it represents at most only 5 or 6 cents. 

The highest points of the conduit are provided with sftopeoeks to remove the air 
and avoid {eomp^-de-Mier) shocks. These shocks are never very severe, the rapidity 
ef flow of the juice never being more than 1 to H inch per second; whenever they 
may probably be produced, all possible care should be taken to avoid them. One 
of the most unfortunate cases is the sudden obstruction of the pipe in full operation ; 
this obstruction may be brought about by insoluble deposits of lime mixed with coarse 
pulp, pieces not reduced by the rasp, &e. The surest means of obviating such accidents 
oonsists in never pumping turbid juices into the pipe, which may be readily effected 
by allowing twenty-four hours of repose, as I have said before. Many persons object 
to this means, because it leaves a calcareous deposit, which must be washed, and send 
the juice simply filtered through chopped straw, then passed through a metallic 
screen, or even simply passed through the screen before delivering it to the pump. 
Jt is more simple to wash the deposits in a small automatic washer, and to employ the 
waters to hold the lime for the juices coming from the presses. 

Felix has invented a good mode of purging the pipes of the air which the juices 
oontain, the accumulation of which is very deleterious to the good progress ci the 
work. An iron bell, tested at 15 atmospheres, like the pipe, is placed at an elevated 
point on the pipe in an opening, where it is a^jnsted by two opposite tubulures sol- 

* 1 kilometw = 0.6214 miles] 
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dered to its lower part. In the center is a pomp cylinder in which slides a piston, 
the rod of which passes through the summit of the bell and communicates motion to 
a safety-valve. The air rises to the summit of this purger about the pum[>-cylinder, 
and gradually exercises a sufficiently strong pressure upon the piston to cause it to 
descend and open the escape- valve. A large portion of the air is thrown out, the 
piston rises, cliosea the valve, and so on. 

It is indispensable to verify the condition of the juice on its arrival at the factory. 
A small f-inch iron tube, with a stopcock, should be arranged to deliver ad libitum 500 
to 600 cubic centimeters in which to determine the proportion of lime added. Hereto- 
fore lime has not been used in a suffijciently exact manner. A large vai of juice badly 
limed may occasion serious trouble in the work. Let us admit a vat of 400 hectoliters 
(8,800 gallons). Such a volume of juice introduced to a conduit of 10 centimeters 
(3.9 inches) diameter would occupy a length of 5,000 meters (5,458 yards), i. e., it would 
fill the entire pipe of certain rasping- works. It is thus possible, on the one hand, to 
cover the entire interior surface with a viscous stratum, which in fermenting would 
considerably reduce the quality of the Juice to follow, even supposing a somewhat 
better liming, and, on the other hand, arriving at the factory its mixture with the 
other juices render the work difficult and often bad for several hours. It is of the 
utmost importance to watch this danger. 

Rasping- works seem to be a source or great expense, but this is certainly a delu- 
sion* One may be convinced of -this by carefully examining the conditions of their 
operatipn. They uiay involve no surplus of expense, and simply be a source of profit 
when placed in such a way as to increate the capoGiip of the factory^ wiiko^ taking away 
any part of it. The rasping- works furnish the fiakctory with supplies of beets that 
would otherwise be inaccessible, and in quantity sufficiently largo as not to increase 
the net cost of the juice. This end is easily arrived at by the numerous advantages 
of the rasping-works, of which we shall present a succinct r^wnd. 

One of the greatest of these advantages is to. obviate the possibility of arrivals of 
beets above a certain limit on the same day. Thus the arrival of 200 tons would re- 
quire an average of 50 to 100 carts. But in the first days, when each one is hurried, 
or when it is necessary to secure supplies, 4, 5, 6, 20 times this number may arrive, and 
it is easy to understand that their reception would be impossible. Subterranean 
transport removes these difficulties; it is possible to receive enormous volumes of 
Juice with no other inconvenience than to provide the necessary recipients. 

In transportation by means of wagons the roads are subject to such degradations 
that the administration causes the manufacturer to pay, unde;r the title of manufac- 
turing grants (mhventions indu8trielle8)j for all the injury caused on account of beets, 
with no distinction between the manufacturer and the grower, so that the grower, 
whose beets are not received by the factory by default of quality, has left him the 
right to carry them home at the cost of the manufacturer. One fEUJtory has paid 
32,000 francs (about $6,400) in a single year. Manufacturing grants are suppressed by 
the rasping- works a^d pipe-lines. All that remains is the insignificant cost of the care 
of the ground in which the conduit is buried, and in place of a sort of antagonism 
between the manufacturer and the administration, there is complete harmony by 
reason of the convergence of otherwise opposing interests. Another serious advan- 
tage is the non-concentration of the entire personnel in the factory. Division of labor 
is always of highest interest. Rasping and pressing, especially with hydraulic 
presses, employ the most numerous portion of the workmen. The requirements of 
the rasping-works alone are therefore often beyond the possibilities of the local pop- 
ulation. Added to this is another and stronger reason, that several rasping-works of 
the same power is an absolute impossibility in the factory. It is an easy thing to 
leave the laborers at home, where they may remain, by putting the rasping- works in 
the distant villa^ges. 

The farmers of certain localities may not be able to grow beets on account of their 
special situation. Removed, not by real distance, but by top pronounced accidents 
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of the land, it is impossible for them to devote themselves to a cnltnre the prodacts 
of which are not transportable. Local rasping- works resolve the difficulty. Its pipes 
may be conformed to the most variable lands, and carry to the &ctory all the juice of 
the roots, leaving the pnlps on the place for the cultivator. It will probably be easy 
in the near future to sell the juice by the saccharimetric degree, and not according 
to the weight of the beets. This is resilly a problem of common interest to the grower 
and to the manufacturer. 

The conduit is used about four months. During the remainder of the year it may 
serve for transportation of water. This office has in earlier times contributed to the 
success of a factory, the supplies for which could not posdbly be increased without 
this means of transport. Growers, located upon a plateau too dry for the purpose, en- 
gaged to grow beets in return for an engagement to furnish them water by the conduit 

These numerous advantages are by no means annulled by the expenses; this is very 
evident. Rasp and presses were necessities of the works. Even the boilers are not 
an increase ; a factory does not operate with a single boiler ; there are several, and 
the number increases according to the needs. Even the buildings are not an extra 
expense. These would have to be increased in the factory. The conduit is really the 
only new expense for stock. Adding two or three individuals to the perdonnel and a 
force-pump, and the account is complete. 

A conduit of 10 centimeters diameter (3.9 inches) costs 7,000 to 8,000 francs ($1,400 
to $1,600) per kilometer (0.62 miles) ; let us suppose 28 or 30 (18.60 miles) kilometers ; 30 
kilometers, for instance, it would cost 240,000 francs ($48,000) or 24,000 francs ($4,800) 
per year interest and redemption. It is ]>08sible to carry in 120 days 120 times 2,'500 
hectoliters (65,000 gallons), or 300,000 hectoliters (7,800,000 gallons); i. e., the juice of 
37,500 tons of beets, at least. Now it is usual to obtain the beets at 2 and even 3 
francs (40 to 60 cents) less per ton at the rasping- works. There is therefore a gain of 
75,000 to 122,500 francs ($15,000 to $22,500), which largely compensates for the 24,000 
francs ($4,800) of interest, the slight increase in the penowUly ^bc., at the great dis- 
tance spoken of.* 

The force-pump necessary to overcome the resistance in the conduit requires an av- 
erage of 1 to 8 or 9 horse powers; say, 5. Each horse-power costing 2 francs (40 cents) 
per day, the expense for 120 days will not exceed 1,200 francs ($240). 

The ground is sometimes an extra cost; 1 hectare (2.47 acres) never costs more than 
6,000 to 10,000 francs ($1,200 to $2,000) ; even at the latter price the annual interest is 
500 francs ($100). 

There are at present in France 145 of these rasping- works supplying 
central factories. Of the latter, that at Gambrai is considered one of 
the most important, and is described by a writer in the JcmrnaZ des Fab- 
rieants de Sucre in the following terms : 

It was started in 1872, after those of Origny, Sainte Bernard, and Meaux, which 
marked the beginning of this well-known system of causing to Converge at a single 
point the juice extracted in several rasping-works. The rasping-works placed in 
purely agricultural centers have no other function than to extract the juice and 
send it, by means of subterranean pipes, to the central works, situated near to a canal 
or railroad, where may be found the apparatus necessary for the conversion of this 
juice into sugar. The principle of the division of labor upon which this system rests 
has found in the works at Cambrai one of its most extended applications ; and we 
believe that nowhere have they succeeded in reducing in a greater proportion the cost 
of manufacture. It is particularly here that the system of M. Linard, the inventor, 
should be seen ; and it may be said that it is especially at Cambrai that the concen- 



* Maumen^'s figures may be somewhat simplified, as follows : At the rates for cost 
he assumes the figures would be $2,250 to $2,500 per mile — suppose 20 miles. The cost 
would be $50,000 and interest and redemption $5,000 per year. The amount of juice 
tliat could be transported and the saving on inferior prices of beets would be the same. 
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tration of work and the reduction of the general costs and the costs of manufacture 
have given the most significant results. Compared with other works, this reduction 
of costs has heen from 80 cents to $1 per ton of beets; and we speak only of works 
well supplied with apparatus and well directed, working 15 to 20 thousand tons per 
annum without annexed raspiog-works. ♦ * • 

In 187^'73y the first year of working the factory, with 14 rasping-works, and hand- 
ling: upwards of 64,000 tons of beets, the total expenses were 12.27 francs ($2.45) per 
ton. In 1876-77 these expenses, with 90,000 tons of beets, were 12.11 francs (f2.42). 
In 1877-78, with 18 rasping-works and handling 112,000 tons, they fell to 10.02 francs 
($-2) ; or 11.02 francs ($2.20), if we add the storage of beets, not included in the figures 
just given. No ordinary works, however well they may be supplied with apparatus, 
can work within these limits of cost ; and we see that M. Linard was right when he 
said it was possible to realize with his system at Cambrai a saving of 4 to 5 francs 
(80 cents to $1). 

At their creation the Cambrai works comprised 14 rasping-works, and the total 
length of the subterranean pipes was 59 miles. To-day, 1879, they employ in winter 
1,200 laborers, and are supplied from 18 rasping-works, which pour the juice through 
77.5 miles of subterranean pipes. 

The following table will serve to show the condition of the works at 
Cambrai, and the results obtained for a series of years : 



Condition of central factory at Cambraif and reaulta obtained in a series of years from 

1872 to 1879. 
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Through the courteous intervention of Prof. B. Corenwinder, of Lille, 
France, I have been able to obtain from M. Linard the following state- 
ment concerning the cost of establishing the central factories with pipe 
lines in France : 



The expenses of installation of central factories with rasping-works and subterranean 
transport of juice of beets are very nearly those of ordinary works. Compared with 
the tons of beets to be worked they are a little lower, varying from 35 to 40 francs 
($7 to $8) per long ton. Thus the works at Cambrai, capable of working 200,000 tons 
of beets, cost 8, 000, 000 francs ($1 , 600, 000). The crisis in metals at the time these works 
were constructed had a decided influence upon this cost. 

The metallurgical establishment of Marquis sells the pipe at 16 francs per 100 kilo- 
grams. The meter of pipe (of 100 millimeters [3.9 inches] diameter) weighs 28 kilo- 
grams. The cost of laying complete for this diameter is 1.50 francs per meter. The 
price varies with the diameter. 
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The net cost of extraction of the juice is evidently y&riable with the processes of 
extraction, and it is the same for rasping- works as for ordinary works. 

The advantage of central factories consists in the redaction of costs of every descrip- 
tion at the central works and in the reduction of the general costs by half the weight 
of the beets. Thus at Cambrai we have expended this year 30.80 francs ($6.16) per 
long ton of beets, including cost of beets, paid for at the rate of 21 francs ($4.20) to 
the grower. In the next campaign, if we work 200,000 tons instead of 165,000 tons, 
the quantity worked in the last campaign, the cost per ton will be reduced to 30 francs 
(|6). I think that an ordinary factory working annually 15,000 tons of beets will 
expend 34 to 35 francs with our price of beets. With the continuous presses we are 
trying we shall fall to 28 francs ($5.60). 

It follows that central factories less important than that at Cambrai will expend 
Bore. That at Origny, which consumes 120,000 tons, has expended 1.50 francs more 
per ton than ours. 

I hope, sir, that this information will be satisfactory. 

Accept, etc., 

LINAED. 

Linard's figures for cost of constnictiug pipe lines may be translated 
as follows : 

Pipe 100 millimeters (3.9 inches) diameter weighs 18.779 pounds per foot. 
Pipe 100 millimeters (3.9 inches) diameter costs $0,273 per foot. 
Laying same complete costs $0.0914 per foot. 

Estimates for similar costs in the United States are given as follows: 

For pipe : 
4-inch diameter, weighing 18 pounds per foot, costs $0.23 per foot. 
6-inch diameter, weighing 26 pounds per foot, costs $0.41 per foot. 

For laying, filling, calking, fitting, &c. : 
4-inch pipe, $0.14 per foot. 
6-inch pipe, $0.16 per foot^ 

From these figures we may estimate the comparative cost per mile of 
constmcting pipe lines in France and the United States, using 4-inch 
pipe : 



Pipe 

Laying complete. 

Total 



France. 



$1,44144 
482 50 



1.024 03 



United 
States.* 



$1,214 40 
730 20 



1.053 60 



* Since this table was constmeted in Jnly, 1870, the price of pipe in the United States has advanced 
(December 15^ 1870) at least 73 per cent. 

As Linard says, the cost of establishing these lines will, of course, 
Tary with the size of the pipe used. For the United States, supposing 
6,000 tons* to be handled at each rasping- works in a year, cost of estab- 
lishing the pipe line at $2,000 per mile in round numbers, and interest, 
&c., at 10 per cent, per annum, the cost of transporting the juice by 
this system would be 4 cents per mile per ton of beets worked, and this 

* Bat for so small a quantity as 5,000 tons per annncb a mach smaUer pipe, half tha 
diameter, conld be used, and the cost of establisbifLg the line would be reduced in con- 
sequence by about 30 per cent. 
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rate would be reduced in proportion to the increase over this quantity 
in the beets worked. 

It would appear from what has been stated that besides the profit to 
be derived from working larger quantities of juice under the same ad- 
ministration^ no appreciable saving would be effected in the United 
States in the cost of transportation, except in the event of working at 
the rasping- works over 6,000 tons of roots. But it must not be forgot- 
ten that this system leaves behind all the pulp, amounting to at least 20 
per cent, the weight of roots, for which the cost of return transportation 
to the farmer will be saved. 

The following information I have been able to obtain through the 
courtesy of M. Henri Yilmorin concerning the central &ctory at Meaux: 

The cost of working proper amonnts to 36 to 37 fhincs ($7.20 to $7.60) per ton ; it 
anK>unt9 to. 40 to 41 francs ($8 to $8.20), including interest on capital and redemption 
(anioriismneni). 

The total length of pipes is 90 kilometers. (55.8 miles). The diameter of the pipes 
is variable according to the place, the pipes of several rasping- works ilowing into the 
main pipe, that must of course be larger. The smallest are 10 centimeters (4 inches) 
in diameter, and the largest 20 centimeters (8 inches). 

The cost of laying the pipes, 0.40 franc per meter ($0,093 per yard) for the smaUer, 
and 1.50 franc per met^r ($0,274 per yard). The total €Ost per kilometer amounts to 
7,000 ft-ancs ($1,930.80) per mile. 

The juice runs, or rather is forced through the pipes at a speed of 10 to 15 meters 
(12.8 to 19 yards) per minute. The cost of working the pumps is only 3 to 4 centimes 
per ton of Juice, but the main expense is derived from the interest on the capital in- 
vested in the rasping-works and pipes. Of the total expenditure at Meanx (5^800,OOQ 
francs = $1,160,000), one-third at least is invested iu rasping- works and pipe-lines. 

The cost of carting the roots would amount to about 0.50 franc (10 cents) per ton 

per kilometer (equivalent to 16 cents per mile) ; but it must be borne in mind that it 

is impossible to have roots carted to the factory firom a greater distance than 5 or 6 miles 

(8 to 10 kilometers), while the factory at Meaux requires an amount of roots or juice 

not to be found within that distance. It is only by means of the rasping- works and 

pipe-lines that they can obtain a supply of roots. 

The total amount worked has been as follows: • 

Tons. 

1876-^..-.. - 79,504 

1877-78 ., , , ...-.-, , 90,43Q 

The factory is intended to work 100,000 tons a year, but they have never succeeded 
in securing so large a BUX3ply. 

The proportion of sugar obtained hos been, in 1876-77, 5.81 per cent, of the beetf 
worked ; in 1877-78, 7.87 i>er cent, of the, beets worked, the roots being unusually 
good in the latter year, 

• 

The systems for extracting the juice is the next branch of the work 
under the direction of the manufacturer to which intelligent and suc- 
cessful effort has been directed to secure economy in the time and means 
for extracting the sugar from the root. In France that which until 
later years has found greatest favor and widest application consists in 
a combination of the rotary rasp, after the invention of Lampadius, for 
reducing the root to pomace, and the hydraulic press of ordinary con- 
struction for expressing the juice." But this system involves the em- 
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ployment of large numbers of workmcm, which it has become the desire 
and the necessity of the manufacturers to avoid, and the improvements 
that have been brought to bear upon it depend for their value upon 
their automatic functions, by which the suppression of manual labor is 
effected. But before proceeding to the discussion of the means referred 
to for suppressing manual labor, it will be proper to call attention here 
to the means devised for increasing the effective power of the hydraulic 
press, the most important of which seems to be that of Gallois, depend- 
ing upon the principle developed by others working with the continu- 
ous presses that the juice of the root liberated from the cells cannot 
carry out all of the sugar under pressure, and that much is lost by me- 
chanical adhesion. His idea was, therefore, to wash the sacks from the 
preparatory press with a small stream of water, amounting in all in the 
operation to about 15 per cent, of the normal juice obtained. The water 
is made to flow automatically upon the center of each sack as it is put in 
place on the hydraulic press from the preparatory i^ress. It has been 
found more efficacious to use hot than cold water. The water becomes 
slowly diffused through the thin layer in the sack and thoroughly washes 
the mass. 

It in no way affects the quantity of pulp produced, but reduces the 
proportion of sugar left behind by about 1.7 per cent. ; that is, the ex- 
periments of Gallois prove that for each 100 pounds of beets worked he 
was able to save 0.39 x)ounds of sugar, amounting to 39 sacks of 220 
pounds each, for each 10,000 tons of beets worked, and this quantity in 
France is worth 2,000 francs ($400). The cost of evaporating the extra 
water added is estimated at 300 francs ($60). 

Yiviens* an<alyses of pulps obtained in the application of Gallois' 
method for washing tlie pulps in the hydraulic press and with the hy- 
draulic press alone showed that with washing the loss in sugar was 0.8 G7 
per cent, of the beets worked, while the pulps not washed carried away 
1.28 per cent, of the beets handled. 

Lalouette conceived the idea of surrounding the movable platform of 
the hydraulic press with a chest made up of strong vertical iron bars 
placed very closely to each other and lined inside with a strong perforated 
metallic sheet generally of copper. The press has the advantage of sup- 
pressing part of the manual labor, as no sacks are required, they being 
replaced by simple small sheets or towels which serve to divide the 
charge to the press into layers, but in order to render the press com- 
pletely effective second pressing must be resorted to. In order to ren- 
der the work more automatic, therefore, this press is used in connection 
with filter presses, into which the pomace from the rasp is forced by 
means of a strong force-pump. By this means 60 per cent, of juice is 
obtained. The filter presses are so arranged that the pulp from them 
falls directly into the chest of the Lalouette press, and much handling 

* La Suorerie Indigh^ef xii; 350. 
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is in this way saved. Before the second pressing, the pulp may be mixed 
with a small quantity of water, and such treatment has been found of 
great advantage. But even without this treatment it is claimed that 
the loss of sugar in the pulp amounted to only 0.825 "per cent, of the 
weight of the beets worked. 

Each of the filter presses has a capacity of 40 tons per day, and each 
Lalouette press the pomace of 15 tons of roots or the pulp of 30 tons. 
The system requires no handling at preparatory presses, filling of sacks, 
&G.9 and, it is claimed, requires only about 40 x>cr cent, the number of 
laborers employed with the ordinary hydraulic press, increases the 
yield of sugar, and reduces the yield of pulp to 17 to 18 per cent, of beets 
worked. 

The filter presses referred to vary in design according to the maker or 
inventor, but all are based upon the same principle of a series of gridiron- 
shaped frames, the faces of which arecovered with a filtering surface oi 
linen or jute cloth. These frames are arranged parallel to each other 
upon a strong support, and are brought into close contact by means of 
a screw-press fixed to one end of the support. The material to be filtered 
is forced between the frames through a passage along the side or through 
the center and distributes itself over the filtering surface; the liquid por- 
tion finding its way into the interior of the frame is drawn off at the 
bottom by means of a stop-cock attached to each one, while the solid 
portion is held back between the filtering surfaces. When the press is 
fully charged, the pressure holding the frames together is removed, the 
frames separated, and the pulp allowed to fall into a recipient under- 
neath. If necessary, the cloth is cleaned by means of a brush or other 
suitable instrument. 

But the combination of the hydraulic press of Lalouette and the filter 
presses just described is not as effective in saving labor as the contin- 
uoaa presses are claimed to be. These latter seem to reduce the labor 
required to a minimum, and, with the improvements lately introduced 
in their construction and management, they seem to be about as effect- 
ive in extracting the juice as the other systems of presses employed, 
and depend in principle upon the application of rolling cylinders var- 
iously constructed.* While we do not intend entering here into detailed 
descriptions of the different continuous presses, or other means of ex- 
traction that have been invented and employed, we consider that atten- 
tion should be called to them on account of the interest that has been 
manifested concerning them among the sugar manufacturers of France, 
and that brief notices of them here will be of value to those desiring to 
enter into the manufacture of beet-root sugar in the United States, or 
as a source of preliminary knowledge, at least, to those who may be in- 
terested in the progress of the industry abroad. 

The cylinders of these presses are constructed either with apertures 

* With the exoeptiou of the Pi^rou screw press. 
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perforating their rolling surfsKse, so that the juice is caused to pour into 
the interior^ from which it is allo\v»d to escape, as in the presses of 
Ghamponnois and Leb^ or the pulp is carried, by means of endless 
belts of linen or JAte, between a series of solid rollers, efiecting a grad> 
ually increasing pressure, as in the presses of Pdzot and Manuel and 
Socin. 

The presses with rolling cylinders having perforated siii€aces are 
modelled after that of Pecquer, who seems to have been the first to ap- 
ply this system in the industry. In his press the cylinders are partly 
inclosed, within a closed chest, into which the pomace is forced by meaus 
of a strong pump. The surfiioe of the cylinder is merely perforated with 
small round holes, but this was found subject to serious objection on ac- 
count of the quantity of solid matter that ^as allowed to pass through 
with the juice, which it was difficult to remove by means of filters. 
Champonnois and Lechaume improved upon this press, Mlowing the 
same principle, and covered the surfiace with longitudinal openings in the 
direction of the ciroumferenee; and into these openings, which are suit- 
ably prepared to receive it, and passing around the cylinders spiraUy, tri- 
angixlar wire is wound so closely as to pi^esent an almost perfectly smooth 
surface. The openings f^r the i>assage of the juice are formed by very 
slight elongation of the wire, due to the pressure to which it is subjected. 
As in the Pecquer press, the pomace from the rasp is farced, by means 
of a strong press, into a dlose bo3c which covers about two-thirds the 
filtering surface of the cylinders. The axes of the cylinders are inclined 
about 41 degrees to facilitate the removal of the pulp. 

The l4eb6e press is based upon the same principle ; the (flinders are 
partly inclosed, but the filtering surface is of diffeorent and perhaps 
simpler conduction. It is made up of a series of movable frames, 
which may be changed at will, consisting of small narrow bars, about 
0,05 inch wide, separated Irom each other by an interval of about 
0.00^ indu These small bars are soldered together in sets, so that any 
injury to the filtering surface may readily be repaired. In the Cham- 
ponnois press the exhaustion of the pulp was not sufficiently complete 
by means of single pressing, and it was found necessary to resort to 
double pressing, involving the use 0i two or three mainlines to secure 
continuous operation, but in the Leb^e press this work is automatically 
efiEected in the same machine, by means of a combination of several cylin- 
ders. After passing between the first set of filtering cylinders, the pulp 
passes under a solid cylinder, rolliog upon one of the filtering cylinders, 
after which it is treated with a spray of water, and again passed under 
solid cylinders, rolling upon another filtering cylinder. By this means 
the exhaustion is not only accelerated, but it is claimed to be rendered 
more complete. 

In the GoUette press the filtering surfaces consist of sheets of finely 
perforated copper, fastened only at one end, along the length of the 



CULfUEE OP THE SUGAR BEET. 141 

cyliDder, so thdt tiie other being left ftee may not be injured on account 
of any eztensioB produced by the pressiu^ to which it must be subjected. 
These sheets are therefore capable of behig easily and readily removed 
for repairs. In other particnlaro the press is very similar in construc- 
tion to that just described. i 

In the Dujardin press, lately invented, ttie cyliliders are covered with 
heavy brass sheelang about .08 inch in thickness. 'Bie openings made 
in this metallic sheet are cylindrical for a short distance, about 0.26 
inch, after which they expattd conically toward the undet side, and by 
this means the difficulty of choking tiie holes is avoided. By a special 
machine used by M. DujaflHliii for piercing the sheets, he is enabled to 
make the apertures closer to each other tiian is obtained by oth^ mair- 
ufacturers in sheets of this thickness* 

The principal difficulty encountered in the applica^on of these differ- 
ent presses is found in the very large amount of pulp that passes into 
the juice and is fofund difficult to separate by means of the filters that 
have been devised for the purpose, but this difficulty has been materially 
reduced by the adoption of the process of adding a small i»oportion of 
milk of lime to the juice previous to filtratiion. This treatment seems to 
have a tendency to render the solids more dense and less liable to choke 
the apertures of the filters, whether rotary or of other design. 

The same difficulty is found in the use of the other continuous presses 
to which we are about to call attention, but in a less decree. In these 
the filtering surface is generally of flax or jute cloth, msde in endless 
bands, and there is less liability of the small particles of pulp passing 
through them. All of them depend upon the principle of subjecting 
the pomace to a gradually increasing pressure by passing between dif- 
ferent series of rollers, and carried between endless belts of the mat/crisd 
mentioned above. The first of these presses is stated by Basset to have 
been devised in 1812, but Poizot seems to have been the first to make 
an effective one, and to apply it in industrial work. 

That described by Basset consists simply of an endless sheet carried 
between two rollers held in contact with each other by means of levers 
to the further end of which weights are attached. The material is dis- 
tributed upon this belt and is carried by it between the rollers. Poizot's 
press is a great improvement upon this simple means of extracting 
the juice. In his first designs he made use of two belts which were 
made to pass between the same rollers, the pomace being distributed 
between them. The belts were carried around a large cylinder against 
which a series of smaller rollers is forced with gradually increashig 
pressure. After passing these smaller rollers the belts are subjected to 
farther pressure by means of another cylinder of the same size as that 
at first mentioned, and rolling against it. The exhausted pulp is dis- 
charged on the other side of the last cylinder and the belts cleaned by 
means of beaters. In the presses of later design only one belt is em- 
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ployed. The pomace is distributed upon it and it is caused to pass over 
the smaller rollers, being brought into direct contact with the larger 
roller. The palp fiaills from the belt after passing between the larger 
rollers, and is collected in a recipient below. In later days, when it has 
been found that work with all presses may be rendered much more 
effective by mixing the pulp with a certain proportion of water and 
repressing, the pulp from Poizot's press of latest design falls into a 
mixer into which a constant spray of water flows, and it is here thor- 
oughly mixed with the water and distributed at once to the belt of a 
second press. This preparation for second pressing is an entirely auto- 
matic operation, and the two presses and the mixing may easily be super- 
intend^ by the same individual. 

The Manuel and Socin press depends upon the same principle, but the 
system of rollers is arranged horizontally and consists of five pairs of 
cylinders of the same size. The distance between the cylinders of each 
pair varies respectively according to its distance from the point of sap- 
ply. The pressure exerted by each pair of rollers is governed by a 
strong steel spring the power of which may be increased or diminished 
at will by means of a screw regulator. 

The Leroy press is described by a writer in La Sucrerie Indighie (XII, 
367) in the following terms: 

The Leroy press, constmoted by Messrs. MarioUe Brothers, of Saint Qnentin, is pro- 
Tided with rollers and an endless sheet upon which palp is distributed by mfians of a 
special apparatus oaUed the preparaiewr, founded upon the same principle as the preas 
properly so caUed ; that is to say, in the preparateur the material coming directly from 
the trough of the rasp and equally distributed upon an endless sheet is submitted to 
an energetic preparatory pressing by means of a series of rollers gradually approach- 
ing each other more and more in such a manner as to distribute upon the press only 
pulp partially exhausted of its juice. 

The endless sheet is here a thin sheet or steel pierced with a large number of small 
holes, forming the filtering surface for the juice. In the press the endless sheet is of 
the same nature, but it is doubled, as it were, by a woolen sheet, upon which the palp 
to be pressed is distributed. Good filtration of the juice is thus assured, and at the 
same time almost aU the fatigue is referred to the metallic sheet. This steel sheet is 
very useful, and the price is not very high. It is, besides, easily repaired in case of 
accident. 

Mons. V. Piferon has devised a press that is more simple in construc- 
tion than any yet described. It consists of a screw arranged horizon- 
tally within a perforated cylinder of copper, and the whole hermetically 
inclosed in an envelope of cast iron provided with internal channels 
for flow of the jnice. The blades of the screw are of copper, and the 
axis of bronze. The blades are in sections, and may readily be removed 
and cleaned. The pnlp to be pressed is forced into the cylinder by 
means of a strong pump, and is carried by the revolving screw toward 
the other end. When it first enters the press the pulp is submitted to 
very slight pressure, but the pressure increases as the pulp approaches 
the other end, where it is forced out through a valve so arranged that 
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the discharge of pulp may be regulated at will. A portion of the axis 
of the screw is hollow, and the portion beyond the discharge orifice con- 
nects with the water supply, so that a small quantity^of water may be 
continuously added to the pulp at the latter part of the pressing to effect 
a saving in the sugar that would otherwise be left in the pulp. 

To secure effective work with this as with other continuous presses, 
the method of double x>ressing must be employed, and for ordinary work- 
ing 6 presses are used for the first pressing, and 2 for the second press- 
ing. For the first pressing the motive force required by each press is 
1^ horse-power, and for the second 2 horse-power. The advantages 
claimed for the press is its solidity, slight liability to accident and repairs, 
and small amount of labor required in their management. The work of 
grinding and pressing being altogether automatic, one man can attend 
to both operations. There is no opportunity for the juice to come in 
contact with the air between the pres^ and the liming- vat, and there is 
consequently little or no change. The pulp of the first pressing contains 
80 to S3 per cent, moisture, and 7 to 9 per cent, of sugar ; and that of 
the second pressing contains 4 to 6 per cent, of sugar. The fimal pulp 
represents 26 per cent, of the beets worked. 

On account of the advances it is making in France, the process of 
diffusion invented and applied by Robert, of Seelowitz, in Austria, merits 
some attention here. It finds favor among manufacturers on account 
of the reduced cost of working as regards the employment of manual 
labor, and the larger proportion of sugar it is claimed may be extracted 
from the pulp. But the apparatus of Robert has been somewhat im- 
proved upon with regard to rendering the process more automatic by 
placing the diffusers in a circle upon a platform, to which a rotary motion 
may be applied. They are so arranged that the root-cutter may be 
placed ui>on a floor above, and the slices charged directly to each dif- 
fuser in turn as brought in place, with no extra handling. Georges 
Dureau, writing of this improvement, and quoting Dantzenberg, says:* 

Desirous of effecting more rapid work than otherwise, and at the same time doing 
better work, there has been constracted a diffusion battery, charged directly from 
the root-cutters. For this purpose the diffusers are placed upon a movable base and 
under the root-cutter, so that the slices may fall directly into the diffusers like rain, 
in such a way as to distribute themselves in the best possible manner for the circula- 
tion of the juice. The diffusers are animated by a rotary movement, which may be 
made so slight that when we wish to work 240 diffusers per day the rapidity of 
motion on the circle will not pass 3^™ per second. It will therefore be seen that 
the rotary movement will not interfere with the manipulations. 

It foUowB, from the mechanical movement, that the interval firom charging the dif- 
fluers and the different operations up to the discharge is exactly determined. The 
spaces of time for each diffuser are exactly the same, and the workmen must abso- 
lutely foUow the rapidity of the apparatus. The manufacturer needs, therefore, to 
place no dependence upon the laborers. He may fix the duration of diffusion and 
make the number of diffusers he desires. On the other hand, the personnel is reduced 

in most factories by about eight men. 

■ '■ ■ ■ . ■ ■ ■ , .»__—— 

* Journal dee Fahricanta de Sucre, July 24, 1878. 
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The tabes for jnioe, wBter, and steam are placed in the interior of the circle of bat- 
teriesy and facilitate by their short length liie flow of Juices. The space occupied by 
the system is liiuitwl, and this is particularly important for those who desire to re- 
move their hydraulic presses. Besides, the cleanliness of the works is always abso* 
lute. Means for closing the doors of manholes have been invented applicable to all 
sizes. 

It is in Austria that tlie process of diffusion has found widest applica- 
tion and has made the greatest advances. Thus in 1867 there were 114 
factories with hydraulic presses, 3 with centrifugal filters, 2 with macera- 
tioD, and 2 with diffusion. 

In 1876 to 1877 there were 30 factories with hydraulic presses and 181 
with diffusion. 

Each diffuser of 750 gallons is supposed to handle about 6J tons in 
twenty-four hours, and a battery of 10 would therefore be capable of work- 
ing 65,000 tons or more per annum. 

In France it is stated that during the present season (1879) as many 
as fourteen or fifteen works will introduce the difiusion process, in addi- 
tion to the five or six already having it in operation. It is considered 
that but for the high price to be paid for the patent rights and the pres- 
ent depression of the sugar industry in France the method would ex- 
tend much more rapidly. 

It is stated that the process of Robert requires not more than five or 
six workmen to manage it, but it is claimed that by means of the rotary 
arrangement of the diffusers mentioned above this number is reduced 
to two or three. It is also claimed that the process will secure to the 
manufacture an increase by about 1 per cent, in the amount of sugar ob- 
tained. 

One of the objections urged against the process has been the time re- 
quired to extract the juice, but this difficulty has been to a great extent 
remedied by application of heat to the water employed in the diffusers, 
or to the material itself in the diffusers ; but while this reduces the time 
for extracting the sugar from the slices, it also carries out a larger pro- 
portion of organic matters and salts, which have the well-known tend- 
ency to increase the proportion of molasses obtained at the cost of the 
yield of crystallized sugar. 

It would be of interest and importance to note the eomparatiye value 
of the different methods we have described, and we give below some of 
the figures by which this may be determined. The value wiU depend 
upon the cost of apparatus, the labor required in management, the steam 
force employed, the quantity of material that maybe handled in a given 
time, the degree of extraction of sugar, the total cost^ and the value of 
the residues. 

With the limited time and means at my disposition while in France it 
was impossible for me to obtain complete data bearing upon these points, 
yet it would appear that, all things being considered, power and labor 
Inquired and convenience of management, some of t^e continuous 
presses will find favor among American manufeicturers who may desire 
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to attempt the introdaction of this indnstry, which has proven such a 
valuable source of profit to both the capitalists and the laboring classes 
of France and other portions of Europe. In this connection however, 
the conclusions anived at by M. Durin* in his discussion of the efficacy 
of the processes of extraction by means of hydraulic presses, continuous 
presses, and diffusion will doubtless be of interest. He finds that: 

By hydrauljo presses, mth beets of 10 to 10.50 per cent, sugar without washing or 
maceration of the pulps, the loss of sagar in extraction per 100 pounds of beets may 
be valued at 1.70 to 1.75 pounds. This loss would be greater with very rich beets and 
less with poor ones. 

By continuous presses, and kneading at a temperature of 50 to 55^ C. during 10 min- 
utes, with a quantity of water equal to 120 to 140 per cent, the weight of the pulp of 
the first pressing, and working beets of 11 to 13 per cent, of sugar, the loss in extrac- 
tion per 100 pounds of beets is 1 to 1.10 pounds of sugar. 

By diffusion the total loss in extraction per 100 pounds of beets is 0.50 to 0.55 
pound of sugar, and by compressed air this may be reduced to 0,35 to 0.40 pound. 
The juice of diffusion is purer with regard to saline and organic matters than juice 
from the presses. 

But Ghamponnois^t oomparing the results obtained by difTusion and 
continuous presses, and taking the figures given by Walkhof^ and those 
published by Vivien for the efficacy of the diflfiision process in Ger- 
many, and the figures obtained by double pressing with the continuous 
presses in France, deduces the following table : 



PURxBioxL 



Vivien, difltision . . . 

WalkhofE; diflhsicm 

I>o 

Contixntons presses 



Percentage 
sngarlnbeet. 



{ 



12.4 

10.0 

13.50 

11.20 

12.00 



Proportion of 
the sagar pres- 
ent extracted. 



70 

W.3 

66.06 

06.69 

68.33 



The higher yield in the second case with continuous press is the re- 
sult of hot maceration before second pressing. And according to Viv- 
ien, the loss per 100 pounds of beets worked by the continuous press 
of Manuel and Socin after second pressing was but 0.925. 

The farmers to whom the residues of the factory having a feeding 
value must be returned to be utilized will naturally inquire which of 
the processes mentioned will yield a pulp that will give the highest 
net return in meat or milk. This matter has been pretty thoroughly 
determined as regards the residues from the hydraulic presses and the 
diifusion processes, but concerning the residues from the continuous 
presses such information is wanting. K, however, we make allowance for 
about 10 to 12 per cent, more of water, the latter contain, their average 
composition must be much the same as the pulps from the hydraulic 
presses. In an article on " Beet-root pulp,'' Professor Voelckler, of Lon- 
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* Journal deaFahrieanU de Sucre, April 16, 1879. 
i Journal dee Fabrioanis de Sucre, March 28, 1878. 
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don, gives the results of his analyses of this product from various sour* 
ces, and we have ooUected them in the following table: 



MoiBtnre 

Albominons oomponnds* (flesh-fcnnniiig znatters) 



Hncilace and pectinonA oompoandB 

!DigestiDleoe!iidariHi«)r 

Woody flbw (o^hiloM) 

Orade cell alar fiber 

Lacticaoid 

Mineral matter (asli} «... 



Total 

* Containing nitrogen. 



|3 



70.11 
2.25 
8.8» 
L93 

iai3 

5.32 



L87 



ioa«o 

0.861 



Is 



I 



70.88 
2.38 



10.50 



18.43 



100.00 
0.882 



A 

h 



i 



i 



77.10 
1.03 



:ii9 



10.07 
L12 
2.50 



loaoo 

0.80 



70.00 
2.43 



$iaOT 
0.48 



2.42 



100.00 
0.39 



|| 

bco • 

ill 



70.00 
2.5 
1.5 



1124.00 



100.00 
0.40 



t Containing a little sugar. 
$tiifhidliigYe6tlBoaa«oiap(raii4a, Ae^ 



tinclnding sngar. 

R ladttttig a Utttd laoUo aeUL 



The following wiQ show the results of Corenwinder's analyses of 
French pulps from the hydraulic presses : 

Water 71.240 

Sugar 3.620 

Fatty matter - 0.628 

Celluloee : 10.345 

Albumen 2.381 

Peotose, &c 9.434 

Mineral matters 2.172 



100.000' 

In this connection the following abstracts from the tables of Settegast, 
in his work Die Thierzuohty quoted by Graadeau in his Instruction pror 
tique 8ur le caloul des rations alimentaires des anima^^x de lafermej show- 
ing the composition of various residues from the sugar-factory having a 
feeding value, and of few varieties of hay^ will be of interest and value. 

RESIDTJES rROM SUGAR FACTORY. 



Beet-root mola«8e8 1 

Refddaes finoni preflseB 

Residnee from centrifogal process 
Besidaes from difigiaioa {wik> . . . 
Residues from diffdsion (pressed) 
Raspings of beets 



'I 



18.33 

7L77 

82.0 

92.80 

88.08 

82.91 



ae7 

1.91 

1.0 

0.50 

0.97 

1.28 






I 



5 



a42 

0.1 
0.06 
0.12 
0.11 




03.03 
17.24 
12.1 
401 
7.19 
10.42 



I 



S.50 

8.0 
1.71 
2.83 
8.08 



id 



9.97 

&07 

1.2 

0.75 

LSI 

L30 



III 



7.2 
0.2 
12.2 
7.1 
7.5 
&2 
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/ 



ty 
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y 



Bay grass 

Timothy 

Bed (^vsr 

Xinceme...^... 

Bine grass 

Average of all 



I 



1^.99 

U.23 

14.3 

18.88 

1&07 

14.3 

14.8 



10.11 
8.0 
9.7 
13.97 
14.76 
8.9 
9.5 



I 



2.34 

2.80 

3.0 

2.18 

8.02 

2.3 

2.6 



§1 






40.90 

44.68 

45.8 

88.16 

35.65 

39.1 

41.7 



't; 






25.52 

2&45 

22.7 

24.46 

24.08 

32.6 

28.7 



'V 



I 



^' / .. 



'i \ 






6.54 

7.05 

4.5 

5.86 

&42 

5.1 

5.8 



I 






o 2 I 




4.66 
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Prom com mash. 
From rye mash . 
From beer mash. 



00.61 
fl2.19 
96.74 



L98 
1.64 
0l73 



L04 
0.34 
2.08 



4.95 
4.30 
2.08 



0.99 
1.17 
0i82 



0.43 
0.89 
0.13 



From ibis it would appeftr that in order to secare in pulp from the 
presses the equivalents of hay jfrom the sources mentioned there will be 
required — 

Tons ptdp. 

For 1 tonolorerhay 2| 

For 1 ton timothy hay 2\ 

For 1 ton average of all grasses ^ 3 

With a crop of 20 tons of beets per aore^ therefore, the yield in feed- 
ing material is by no means insigniflcant* 

Now, conoeming the relative value of pulps from the presses and 
diffusion, we may quote a review of the late work of Dr. Petermann, the 
able director of the agricultural station of Gemblonx, bearing ui>on this 
subject, and published in the Jimmdlf W agriculture pratique^ 1879, p. 13 : 

These lesidaes ai« far from having the sam^ valne according as the beets are treated 
l>y the ordinary method (with presses), or by the oystem of diffusion. In the first case, 
the roots being submitted to rasping, the cells are torn, and the saline and albuminoid 
matters are mixed up with the sugar in the juice by the action of the press. In the 
second case the cells are preserved intact in cutting the beets in thin slices, to be ex- 
hausted with tepid water. The residues from diffasion are almost free from sugar. If 
in the dry state they are more rich in albuminoids; in the fresh state they contain a 
larger proportion of water and are much less nutritive, as the following analyses by 
Dr. Petermann will show : 





Diffdsion. 


Ordinary press. 


Composition. 


Fresh 
pnlp. 


CompoBition 
of dry matter. 


Fresh 
pulp. 


Composition 
of dry matter. 


Water .- 


89.91 
1.08 
0.08 

1 e.13 

0.72 
2.08 




72.48 
2.18 
0.30 

15.93 

3.29 
5.79 


^ 


Albaminoid matten 


• 10.70 
0.79 

60.76 

7.14 
20.61 


7.92 


Fativ Tni>.t*««i ...,..,...., 


1.09 




58.08 


EztrACti^e matters 


MinVtrnl mftttfxn T 


11.87 


CeUnlose 


21.04 








100.00 


100.00 


100.00 


100.00 
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Dr. Petermann says that, "Comparing the Tesidnes of diffnaioii "with those of the 
pieflseB, we see that the first are mnch more watery and less rich in nntritlTe princi- 
ples than the latter. Therefore, the cnltivator cannot expect from an eqnal weight of 
slices and of pnlps the same effect in fiittening. By 1,000 pounds of the remdnes of 
diffusion he acquires in round numbers only 10 pounds of albuminoid matters, 1 pound 
of fat, and 61 pounds of non-nitrogenous extractive matters, while in the residues from 
the presses he will furnish his cattle with 22 pounds albuminoid matters, 3 pounds of 
fatty matters, and 160 pounds of non-nitrogenous extraotive matters. The grower 
shoqjd not therefore pay for the slices (containing 90 per cent, of water) more than 
half the price he pays for the pulps of ordinary presses." 

But the system of diffusion constitutes a manifest progress, not only in an industrial 
but also in an agricultural point of yiew, a progress which should be considered in 
comparing the two above analyses giving the composition of the dry matter. In &ct 
(we quote textually from Dr. Petermann) it preserves to agriculture, and in the form 
of a suitable food, the millions of tons of albuminoid matters, which, in the work of 
the presses, are lost to it, or of which only a small proportion is restored in the scums. 
Thus a factory which works, according to the old system, 20,000 tons of beets restores 
to agriculture 3,500 tons of pulp, or, according to our aaalyses, 76.3 tons of albumi- 
noid matters, while if it adopts the system of diffusion it produces 14,000 tons of pulp, 
which, holding 1.06 per cent., contains 151.2 tons of albuminoid matters. The 20,000 
tons of beets which agriculture has furnished to the industry contain 200 tons of al- 
buminoid matters. In the first case the loss is 200 — ^76.3=61.8 per cent. ; in the second 
case, 200 — 151.2—24.4 per cent. If we apply these results to the calculation of the 
production of an entire country we recognize how mnch the interests of agrionlture 
are allied to the progress realized by the sugar-producing industry. 

Dr. Petermann recommends that fiurmers take into account, in the 
calculation of their rations, the difference between the composition of 
ordinary pulps and pulps from dif^ion. They should also associate 
>yith the latter a larger proportion of dry fodder, in order to avoid the 
inconveniences which result from too watery food. 

. The feeding values of residues from the two processes mentioned for 
extracting the juice have been determined by direct experiments by Mr. 
Simon Legrand at Bersee (Nord), and we give below the results he ob- 
tained. They show that if tiie modification in price recommended by 
Dr. Petermann be allowed, the profits secured by fattening cattle are 
greater by use of residues from diflhsion than with residues from the 
presses, and with an equal expenditure of money the jbttening is much 
more rapid. 
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Comparative tdbU of feeding cattle with pulps from KydratiUo presaee and those of ihe diffu- 
sion process on the farms of J^mon Legrand, 



Pulps. 



H^dTKlliO piMiM. 



DUAiaion. 



Oxen. 



Kmnber of animals ■ 

Date of entw to stable 

Average weight on arrival, per head pounds. . 

Furchase price, per head dollars. . 

Xe t cost, per poond cents . . 

Food: 

Pulp (at $4.40 per long ton and slices at $2.60), per head 
andperday pounds.. 

Unseed cake (at $2.18 per hundredweight), per head and 
per day. pounds.. 

Hay (at $0,637 per hundredweight), per head and per 
d!ay pounds.. 

Cost of food, per head and per day dollars.. 

Cost on leaving, per head .do — 

Days In stable n*om arrival to departure 

Sate of departure 

£xoreta, at 10 cents per head and per day dollars.. 

Average price of sale, per pound uve weight cents . . 

Average weight on leaving, per head pounds 

Average value on leaving, per head dollan 

Rcsolt) per head, profit do.. 



Bulls, 



40 20 

Hareh 16, 1878. 



1,086 

101. 85 

9.3 



90 

491 

3.8 

0.33 

136.66 

107 

^nly 1, 
4^ 
9,8 

1,439 
160.09 

14.33 



1,018 
69.05 
6.8 



90 

4.91 

8.8 

0.33 

104.85 

107 

1878. 

216 

9 

1.375 

123.20 

ia84 



Oxen. 



Bulls. 



40 20 

November 9, 1878. 



1,166 

104.05 

9.0 



105 

4.91 

3.8 

0.316 

13464 

04 

February 

376 

10.5 

X,46a6 

149. 55 

14.91 



1,122 
77.20 
6.8 



166 

4 91 

3.8 

0.310 

106.90 

94 

11, 1879. 

188 

9.25 

1,879.4 

125. 40 

1&50 



Among French farmers it is considered much better to feed the palp 
to sheep and cattle for production of meat than for milk. Horses will 
not eat it. The daily rations of beet pulp given to sheep and cattle 
vary, but the amounts generally considered most favorable are about 5 
pounds per head for sheep and 50 pounds for cattle, in admixture with 
hay, seed-cake, com- meal, or other food. The pulp is stored for preser- 
vation in trenches or siloSy and for this purpose it is mixed with about 
one per cent, its weight of salt to prevent it from entering into putre- 
factive fermentation. 

But the other residue of the factory, the molasses, has always been a 
source of loss, and to such an extent that it may be considered the bane 
of the manufacturer. To obviate this loss and to secure in the factory 
the sugar that now finds utilization in the distillery has been the sub- 
ject of close study and the basis of innumerable experiments, some of 
which have given fruitful resultiS; and in later days some of the methods 
devised bid fair to find industrial application and to do exceedingly 
economical work. 

It is scarcely necessary here to call attention to the method of Du- 
brunfaut and others for separating the mineral impurities, which have 
such a deleterious effect upon the crystallization of the sugar, by taking 
advantage of the principle of osmosis, for this method has long been 
known and has been applied with tolerable success in the factories of 
the European continent. But we may call attention to a modification 
in the application of the process, which appears to be an improvement, 
and which is based upon increasing the colloidal properties of the cane- 
sugar, thus preventing its passage through the dyalizing membrane, or 
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at least reducing its power to pass through. The modificatioiL consists 
in the addition of a small quantity of milk of lime to the juice before it 
passes to the dialyzer, and is said to produce a wonderfully good effect. 
It has also been found of great advantage to increase the temperature 
during the process. By these improvements it is claimed that the work 
is more rapid, there is a minimum loss of sugar, and the liquid obtained 
is much pureo. 

But the latest methods which have been devised, and which are at- 
tracting great interest in the sugar manufacturing circles of Europe, axe 
those based upon treatment of the molasses with lime in various ways 
for the production of a basic sucrate, which may be freed from the min- 
eral and organic impurities by washing with alcohol or hot water, and 
worked through the regular processes in the £a.ctory for separation of 
the sugar after saturation with carbonic acid. 

These new methods are styled elution or substitution^ according to the 
mode of applying the lime and treatment of the sucrate obtained. The 
elution method consists of adding quick lime to the molasses in quantity 
suf^cient to produce a pasty mass, which becomes very hot, and upon 
cooling hardens; or slaked lime is employed, and the mixture heated 
to a temperature of about 220<^ Fahr. The sucrate formed is broken 
into lumps and treated with successive portions of dilute alcohol to sep- 
arate the alkaline salts and other mineral or organic impurities, and the 
purified comiK>und after being freed from alcohol is sent to the satura- 
tion pans to be worked with the juice fix)m the presses or by itself, as 
the case may be. 

The substitution method depends upon the insolubility of the sucrate 
of lime in hot water. In practice, a quantity of thin milk of lime is 
added to the diluted molasses in quantity slightly in excess of that re- 
quired for the formation of the sucrate, and the whole heated in closed 
vessels under pressure and at a temi)erature of 220^^ to 230^ p. When 
the sucrate is formed the hot mixture is passed through filter-presses 
and tiie sdid matter separated. ^ Each time only about one-third of the 
sugar contained in the molasses and the mother liquor from the filter- 
presses, after addition of molasses, is treated a second time. The 
mother liquors are thus returned and successively treated until they 
contain about as much of potassic salts as the residue {viruisse) from the 
distillery, when they are discarded to be employed for the extraction of 
the potash or for direct utilization as a liquid potassic fertUizer. It is 
claimed that sugar remaining in the waste liquor represents about 6 per 
cent, the weight of the molasses treated. Dr. Stammer^ the great Ger- 
man authority on sugar manufacture, considers this latter method the 
most ef&cacious and economical of any yet devised for separation of the 
sugar from the molasses. This view is, however, stoutly combated by 
tiie inventors of the elution method.* 

The sucrate from the filter-presses, like that from the other processes, 

* See Jautfial dea FabriofmU de Sucre, August 20, 1879. 
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is mixed with the juice from the presses in the sattirating-paiis or is 
worked by itself. It is suggested that the method may furnish work 
for the factories during the idle months. 

The methods thus briefly described have not yet been extensively 
introduced in the factories of Euroi^e, but t^ey bid &ir to bring about 
important modifications in the modes of utilization of the molasses to 
the profit of the sugar manufacturer, and special inquiry concerning 
them will doubtless be of interest and value to those engaged in the 
sugar industry. ' 

Those who may be inclined to invest their capital in establishing fac- 
tories for extracting the sugar from beets in this country will naturally 
inquire what willbe the amount of money required and the average cost 
of working, and I have endeavored to obtain as far as possible the neces- 
sary data, but I am quite aware that the figures I am able to present are 
in many respects iucotnplete. They will not, however, be without inter- 
est and value. 

It is a gen^*ally accepted fact that the smallest quantity of beets that 
can be handled each year with profit is about 6,500 tons, requiring a 
factory capable of working up about 50 tons of roots per day of 24 hours. 
To erect and. equip a factory of this capacity in this country would cost, 
in round numbers, about $55,000. I shall not give here the details of 
this estimate, because in most cases it will be found more advantageous 
to establish on a larger scale, and the estimates I have therefore pre- 
pared are for factories capable of working 100 tons of roots in 24 hours, 
or from, 10,000 to 12,000 tons per annum (or working season of about 
four months). The figures I have been able to obtain in this connection 
are as follows ; 

JBaHmate of coat of machinery and apparatus for a heet-augar factory capable of working 100 

tona of roota in 24 hotMra, ' ^ 



BXTBACTIOK OV JUIOB. 



» 



(a) By Manuel & Sooin continuous piesses : 

1 root-elevator with gotta-peioha belt, complete. •..»« ...... .: $460 

1 root- washer, complete 776 

1 root-ra^, with two drams 13 inches diameter ; independent movement of 

plungers and patented palp-Btr»iner « 798 

1 extra drum, complete * .^«. ...*.. .--... .*. 189 

3 extra boxes, complete........... ..•.••.,..•• 53 

1 pulp-trough 86 

1 pump for pulp, with 2 cyUnders 6^ inches diameter, 10-inch stroke d45 

2 Manuel & Socin continuous presses, with perforated cast-iron rollers, eac^ 
«2,940 5,680 

1 screw-conveyor for conducting pulp to receiving-Tat, about 180 

1 non-condensing engine, 12^-inoh cylinder, 24-inuoh stroke •...'... 1, 386 

1 transmission of power, complete, about 1,220 

Total approximate cost of Manuel &, Socin continuous presses* with re. 

quirements and accessories .» 11,972 
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(b) With Pi^iron oontinnoas presses: 

1 horizontal engine, 18-inch cyliiider and 36-inch stroke, complete. . ••• $1, 700 

1 elevator and root- washer and stone-separator combined, complete 700 

1 rasp, with 2 drams, automatic plungers and oiling-boxes, pulp-trough, and 

extra drum, complete 700 

1 continuous preparatory press, Pi^nm system 900 

5 Pi^rom continuous presses, 2 for second pressing, at (700 each. ...^.4 3, 500 

2 closed screw-couYeyors between presses for first and second pressing, with 
elevator, complete '. 480 

1 open screw-conveyor, for removal of pulps for their discharge from press, 

about 280 

1 screen for retaining foam on juice « 360 

1 pump for injection of water to press 100 

Transmission of power to rasp and presses, about 700 

Copper tubing connecting the continuous presses 240 

Total approximate cost of Pi^ron continuoufl presses and requirements 

and accessories.... 9,660 

(o) With hydraulic presses : 

1 root-elevator 460 

1 root-washer 776 

1 rasp, 2 drums 12|-inch diameter 798 

1 extra drum, complete 189 

2 self-oiling boxes (extra) 53 

1 pulp- vat - 85 

1 mechanical filler (peUeieur) 126 

1 mechanical preparatory press 504 

6 hydraulic presses, cast and wrought iron, with piston 13 inches diameter, 
eacht420 2,520 

1 battery of iigection-pumps, with 6 cylinders for 6 presses 1, 156 

1 non-condensing engine, 12^inch cylinder, 24-inch stroke 1,386 

Transmission of power, about 1,220 

Approximate cost of hydraulic presses and acc^Sssories 9, 273 

(d) Robert's diffusion process : 

1 root-elevator 460 

1 root-washer and stone-separator, complete 856 

1 root-cutter, horizontal plate, 4^ feet diameter ; 24 boxes of knives, of which 

16 are for exchange 735 

10 difiusers, each of 440 gallons capacity, capable of holding 2,640 pounds x>er 

charge^ each $504 5,040 

10 heaters {o(U<ni8atew8)y with 5 feet 10 inches steam coil, valves, stopcocks, 

tubing, and accessories for connecting with difltoers, each (252 2, 520 

Girdled iron tubing, adherent to the battery of diffusers, about 560 

Copper tubing for conveying steam to and from diffusers, about 300 

1 wagon of perforated plate, with circular track 320 

1 elevator for exhausted slices, complete 525 

2Elu8emann's presses, for slices, each $525 1,050 

1 reservoir for compressed air, with tubing, safety-valves, &o., complete 126 

Transmission . of pow-er, complete, about 1,000 

1 pump for conq>ressed air, lO^inch cylinder, 12-inch stroke, with special en- 
gine, of 9-inch cylinder and 12-inch stroke, complete 1,060 

Total approximate cost of apparatus and requirements for Robert's dif- 
fusion process : 14,552 

yt ■ 
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(e.) Botary diffasion battery, capacity 140 to 150 tons of roots in 24 hours : 

1 root-elevator^ complete : $440 

1 root-washer, complete 330 

1 Collas-stone separator 360 

1 root-cutter; 8 boxes of kniyesy with 16 boxes extra for exchange 1, 000 

1 complete system of rotative dlfi^ion (patented in Prague), patent rights 

included 9,000 

Transmission of power, complete, about 960 

Various vats for holding Juice and milk of Kme 225 

Total approximate cost of apparatos, machinery, and accessories for 
system of rotary diffusion 12,305 

PRODUCTION OF GAS. 

1 metallic fixture for lime-kiln of 175 cubic-feet capacity 680 

1 gaa-washer Ko. 1 315 

1 blowing apparatus, with special motor, comprising 1 air-pump, 24i-inch cylin- 
der and 16-inch stroke ; 1 horizontal engine, No. 4, with 9-inch cylinder .... 1, 796 

1 tubing, complete, for conveying gas from furnace to washer, the blowers 

and saturating-pans, about 580 

baturahok. 

1 horizontal pump for Juice, for forcing Juice to the first saturating-pan ; 1 
pump for forcing Juice to second saturating pan 546 

6 saturating-pans, complete, capacity 600 gallons each, about 2, 760 

6 floating regnlatorsy No. 1, eaeh|32 192 

6 decanting vats, complete, about 566 

SCUMS. 

2 monte-Jus of 330 gallons capacity, complete, each f210 420 

2 Trincks filter-presses, each (336 672 

filtbahon. 

4 bone-charcoal filters, 8 feet 3 inches high, 3 feet 11 inches diameter, each 

$188 752 

1 boiler for reheating simps, complete 336 

EVAPOBATION. 

1 apparatus for evaporation in vacuo at a low temperature and with triple 

effect, complete 6,300 

1 iojection-condenser. No. 2 105 

1 tubular reheater of about 390 square feet of heating-Bur£Ebce 668 

1 mechanical system for horizontal air-pump, comprising 1 non-condensing 

engine, 1 double-effect air-pump, 14-inch cylinder and 20-inch stroke 1, 790 

1 system of pumps for Juice and simp for the service of the triple-effect pans. 546 
1 receiver of exhaust steam, with safety-valve, forming escape valve, and 

pressure-gauge set at 4.4 pounds 250 

BOtUNG. 

Iboiler, complete 1,932 

1 ii\jecting-^)ondenser. No. 1 ; 1 safety vase. No. 1 273 

1 mechanical system lor horizontal pump. No. 1, compritdng 1 horizontal non- 
condensing engine, 1 double-effect air-pump, ll^inch cylinder, 152-inch 
stroke 1,365 

PUBOINO AND CLABnmNO. 

1 machine for dividing the sugar 210 

3 centrifugal filters (improved), each $290 870 

1 non-eondensing horizontal engine, 9-inch cylinder, 15i-inch stroke 680 

1 horizontal pump for molasses 290 

1 transmission of power firom engine to apparatus, about 650 
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BONB CHABCOAI*. 

11>one-blaok wa^er, with screw 13 feet long (200 

1 metallic porticm of reviyifying f amaee, with 20 rectangnlar tnhes 946 

1 cylinder for washing bone-black with steam 210 

Transmission of power in bone-black department, complete, abont 252 

WATER AND STBAM. 

1 mechanical system for pnmps, variable ; 2 semi-tabular boilerS; with 1,498 
square feet of heating surface, for setting in brick, with safety-valves, steam 

and pressure gauges, each $3,160 6,320 

1 feed apparatus, with mechanioally dosed Yalve« 580 

1 direct steam conduit, placed above the boilers, about*. ..*. — . .. 420 

1 return-water receiver -r 210 

CRYSTALLIZATION . 

2 vats for first crystallization; 55,000 gallons of vats for the second and third 
crystallization, in rectangular vats of 6,600 gallons each, about 3,360 

mCIDBNTALS. 

Vats for sirups and lime, straight copper tubing, prepared copper tubing, cast- 
iron tubing, wrought-iron tubing, bronze stopcocks, iron stopcocks, sundries 
for construction, iron chimney for boilers, iron flanges and bolts ; total about 7, 300 

Total approximate cost of apparatus, machinery, and accessories for 
extracting sugar from the juice , , 45,282 

To these figures we may add about $25,000 for cost of packing aud 
transportation of machinery, apparatus, and accessories, and erection of 
the buildings, &c. 

The cost of extracting the sugar from beets will of course vary ac- 
cording to the facilities with which the works are proTided. A writer 
in a late number of the Journal des Fabricants de Sucre gives the follow- 
ing estimate of cost of working in France. He remarks that it depends, 
1st, upon the method of supplying the works, distance from supplies of 
coal, limestone, &c. ; 2d, upon the relation eodsting between the capital 
employed in the work and the number of tons worked ) 3d, upon the 
more or less improved machinery, apparatus, &c. 

The estimate he makes is for a factory working by the diffuaion pro- 
cess, or continuous presses for extracting the juice, having a capacity 
for 20,000 tons per annum, and representing a capital of $100,000. He 
then fixes the cost of manufacture per ton of roots as foUows : 

Beets , , t4 00 

Labor ,... « 80 

Coal apd coke •...•..... 80 

Incidentals , 70 

Bepaiis, &c ^ 40 

General expenses .•••• • ...•»....».. Hi 

Interest and redemption of capital •••.. 40 

7 60 

He admits as the i»x)duot: 

Sugar, 121 pounds, at $5.454 $6 60 

Molasses, 66 pounds, at $0.91 ,,..,.,,.,.,,,, 60 

Pulp (iO 

Scums &om defecation...... ..-•.. ...... 05 

7 75 

Profit per ton of roots worked 15 
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In this estimate he admits a yield of sugar of all grades of 5.5 per 
cent, the weight of the roots, and fixes the selling price of this sugar 
at 60 francs per 100 kilograms, or $5,454 per 100 pounds, but he con- 
siders that this price should, on account of the variations in market 
rates, be fixed at a lower figure, or 55 francs per 100 kilograms, and this 
would cause a loss of 30 cents per ton of roots worked. 

He claims 5.5 per cent, as the average yield in the French factories, 
but it is evident that in very many it is higher than this. In case of 
higher yield, the cost of extraction, and the quantity of the bye prod- 
ucts obtained would be about the same. Supposing the following 
gradation in the yield of sugar, and the selling price 55 francs, for the 
different yields of 6 per cent., 6.5 per cent., 7 per cent., 7.5 per cent., we 
should have, respectively, as profits per ton of roots worked, $0.15, $0.70, 
$1.25, $1.80. 

These figures do not seem so favorable for the manuGa/Cturer as those 
I have been able to. obtain directly from French manufacturers, through 
the kindness of Prof. B. Ooren winder, and M. E. Macarez, of Lille, and 
embodied in the following table, showing the cost of working, and the 
results obtained for a series of four years for the campaigns of 1873-^74 
to 1877-'78, inclusive. 

The table will explain itsel£ 

statement of expenses and receipts resulting from the transformation af one ton (2,200 
pounds) of beets into raw sugar, Nos, 7-^ to No, 13, molasses at 4(P, and other residues — 
the beets delivered at the works, the sugars delivered at station, molasses and other residues 
taken at the works, 

[The flares of the tables give the averages of four factories, producing annnally about 10,000 sacks 
(220 pounds each) of raw sugar, and working by means of new processes and machinery, double satu- 
ration of the juice, triple effect for the evaporation and boiling for crystallization (euiU en grains) 
ef the simps.] 

n^^TAJL OF EXPENSES FOB ONE TON (2,200 POUNDS) 0? BEETS. 



NomendatBre of the prinoipal general costs 
of lamufkctare. 



PoTofaase of beets 

Pay of laborers 

Employes 

Incidentals 

Patent rights 

Bepair of machinery 

Paty* 

Transportation 

Oils, grease, dco 

Animal cluurcoal 

}zisaraD06 of workaiMi 

Discounts, interests, commission. 

Limestone and coke 

Coal 



M73-'74. 


1874-'75. 


1875-'76l 


1876-'77. 


$4 00 


$4 09 


$4 07 


$3 76 


70 


74 


77 


71 


18 


17 


W 


18 


02 


02 


02 


02 


08 


07 


07 


08 


41 


39 


43 


47 


29 


31 


27 


23 


08 


07 


07 


07 


08 


08 


07 


06 


02 


02 


(A 


01 


24 


20 


19 


28 


08 


07 


08 


09 


68 


67 


70 


56 


16 


15 


16 


16 


7 09 


7 05 


707 


668 



i8n-'7a 



$411 
72 
18 
02 
08 
38 



Woolen sacks, sugar sacks, Sm. 



Total. 



23 
07 
06 
61 

27 
09 
66 

16 



689 



* The duty on sugar, equivalent to 73.60 francs, $14.90 per 100 kilograms (220 pounds) of raw sugar, is 
not comprised in the figures noted here, neither in the expenses nor in the receipts. The public treas- 
ury accords four months of credit to the refiner, who is charged with the payment of this tax, and it is 
not therefore included in the price of sale. 
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DETAIL OF PBODTTCTS VBOM ONE TOK (2,200 P0X7NDS) OF BESTS. 



Sugar... 
Molasses 



Palps 

Sonins of satoiatioii 

ICaiiureB and other mattexs 



Total. 



ISTS-Ti. 



I 



Pwmdt 
124.74 
79.20 
517.00 
125.40 
17&00 






$U04 

2 78 

2 08 

200 

05 



TotaL 



$6 26 

1 00 
49 
15 
04 



7 94 



1874-7& 



Poundt 
128.26 
74.80 
517.00 
114.40 
118.80 






£ 



$U 78 

2 26 

2 IB 

2 00 

05 



T«taL 



87 
77 
50 
10 
06 



837 



l«75-'76. 



I 



117.04 
80.96 
523.60 
158.40 
200.20 



o* 



II 



HO 11 

1 52 

2 10 
2 00 

06 



Totd. 



15 42 
56 
64 

14 
06 



671 



Bnear 

Molasses 

Pulps 

Scums of carbonatatioii 

Kanares and other matters 



Total 



1876-*77. 



PowMm 

97.68 

69.96 

572.00 

129.80 

220.00 



Si 



$18 76 

280 

2 80 

2 00 

05 



TotaL 



$6 11 
73 
60' 
12 
05 



7 61 



1877-»7«. 



I 
& 



Pwmds 
133.65 
77.88 
585.20 
151.80 
220.00 






$12 06 

2 60 

224 

200 

06 



ToteL 



$7 38 
80 
69 
14 
05 



900 



* Per quintal of 220 pounds. 



RECAPITIJLATIOX. 



JJn this statement is not included the interest upon the Joint capital, this capital being variable 
according as the works are old or mew.] 



• 


1878-74. 


1874-75. 


1875-76. 


187fr-'77. 


1877-78. 


Total value of ntodueta... 


$7 00 
7 08 


$8 27 
7 06 


$6 67 
7 06 


$7 61 
668 


$8 99 
6-88 


Total eznenses 






I^iflferenoe In loss ,.... .....,......Tr.^- 






89 






X^ifferenoe in oroflts...... 


82 


122 


93 


2 12 









The cost of working in the IJmted States may vary somewhat from 
the figures we have given, bnt it is not probable that the variation will 
be very great; while the cost of labor is greater^ fuel and other ma- 
terials required are much cheaper^ so that they counterbalance each 
other. We may, tJierefore, estimate the cost of extraction of sugar from 
the roots (the purchase price not considered) at about $3 per ton. 
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CHAPTER VIII. 

TAXES, RATES OF— MODE OF COLLECTING— AMOUNTS COLLECTED. 

The variations in the conditions of the laws of France fixing the rate 
of taxes on sugars, whether of home or foreign manufacture, are so nu- 
merous tiiat it would be inadvisable to attempt to enter ui>on a detailed 
history of them here. Yet the present interest centering upon these 
laws is so great that it is believed a short sketch of them will not be 
devoid of interest and value. 

As we have before shown, the manufacture of beet-root sugar did not 
attain industrial importance until 1812 to 1814, when, under the fostering 
care and liberal encouragement of Napoleon I, the scihools for instruction 
of students in the methods of sugar extraction were inaugurated, and 
the first extensive factories were erected. But the industry did not re- 
cover from the reverses it suffered in consequence of the down£»ll of that 
great emperor, and the rise of the continental blockade until between 
1820 to 1825, when it was encouraged by the duty which, for various 
reasons, it was found necessary to impose upon foreign and colonial 
sugars, and the invention of new and improved methods of extraction. 

Immediately upon the accession of the new government, in 1814, for- 
eign sugars were admitted on the same conditions as those of French 
manufacture, but it soon appeared that on account of the flood of Eng- 
lish sugars that at once poured in, the French manufacture would suffer 
great injury if not complete destruction, and a discriminating tax of 20 
francs ($4) was consequently imi>08ed. 

About the same time a general tariff on foreign sugars was established, 
in which a discrimination was made in favor of sugars made abroad in 
&ctories owned by French proprietors. The schedule per 100 kilograms 
was as foUowB : 

Ftanos. 
FoTeign raw sugars, other than white. 

By French ships : 

From India from French estabUshments....- 85 

From India fisom foreign establishments 90 

From elsewhere outside Europe 95 

From warehouses 105 

By foreign ships ..,.. 110 

IVxreign white or clayed sugars (without distinction). 

By Fcenoh ships: 

From India from French establishments 100 

From India from foreign establishments 105 

From elsewhere outside Europe 115 

From warehouses. 125 

By Ibreign ships 130 

Itaich colonial sugars. 

By French ships: 

From India 00 

From elsewhere outside Europe 70 

From warehouses 75 

By foreign ships 80 
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These rates were continaed with slight variation until 1839 and 1840 
relative to sugars from foreign sources, bat in 1829 the production of 
indigenous sugar had become so extended and so prosperous that 
the government decided to make it subject to an internal revenue tax. 
This proposition did not, however, receive the sanction of the cham- 
bers, and it was not until 1837, when urged l^ colonial influences 
and complaints, that the tax was levied by a vote of the chambers 
and the co*operation of the government. This tax consisted of a fee 
of 50 francs ($10) for license to manufacture, and a special tax of 15 
francs per 100 kilograms of raw sugar produced. The special tax was 
to be 10 francs from July 1, 1838, and 15 francs from July 1, 1839. The 
same law established grades of sugar depending upcm grades of color. 

According to Maumen^ the effiect of this law was ii\|urious to the man- 
ufocture in sections where fuel and labor were scarce and costly, and it 
was concentrated in the departments of the north of France, where 
these obstacles did not exist to the same extent, and the industry was 
crushed out in 17 of the 37 departments in which it had be^i estab- 
lished, and 63 of the 485 factories that had been in operation were closed, 
and the production fell from 49,000 to 22,000 tons. The law aroused 
bad feeling, and the suppression of the manufacture of beet-root sugar 
was suggested, and a proposition to this effect was even made by the 
government of Louis PhUlippe to the chambers ; but popular feeling 
was too powerful in its influence, and it was opt made a law. In 1840 
and 1843 the taxes upon sugars from foreign sources were established at 
38.50 francs to 66.50 fi^ancs per 100 kilograms, according to origin and 
quality, for French colonial sugars, while f(»* sugars from foreign ports 
it was made 65 to 75 for cargoes carried in French ships, and 85 for car- 
goes brought in foreign vessels, and ccmsisting of raw sugars other than 
white ; while for foreign white or clayed sugars, without distinction, it 
was from 80 to 95, according to origin, if brought in French ships, and 
105 francs if brought in foreign vessels, without regard to origin. At 
the same time, the drawback upon exported refined sugars was estab- 
lished, with a premium gauged in such a way that 70 to 73 kilograms 
of refined sugar, according to form, corresponded with 100 kilograms of 
raw sugar imported. The second section of the same law established 
the rate of tax upon indigenous sugars, which varied according to the 
quality of the product, graded by the shade and form it was found to 
possess. The rates ranged from 25 francs per 100 kUogr^ms to 36.10 
francs, and were contmued until 1843, when a law was enacted provid- 
ing that fix)m the 1st of August, 1844, and during four successive years, 
there should be an increase of 5 francs per year upon all sugars of the 
first type and upon inferior shades. This effected an ultimate increase 
to 45 to 58.50 fr*ancs per 100 kilograms, according to quality, and placed 
the indigenous sugars upon an equality as to taxes with the colonial 
sugars. But with the stimulus that had been given to the sugar indos- 
try by the various improvements that had been made in the methods of 
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inanu£a,ctare enabled it to sustain this additicmal incnbos upon it, and 
the prodaction continued steadily to increasey as may be seen by refer- 
ence to the statistical tables given in the previous pages of this report. 

From tbiB time on, the la^irs governing the taxes were submitted to 
frequent variations. In 1853 the method of assessing the tax upon the 
measurement of the volume and density of the juice worked was estab* 
lished, and was continued in spite of the dissatisfaction of manufacturers 
concerning it. By the law of 1846 it was determined that the minimum 
quantity of sugar that should be considered as the possible yield in the 
manufacture was 1,400 grams per hectoliter of juice (0.12 pounds per 
gallon), and that mannfau^turers should be compelled to pay tax on that 
amount. All excess was, at the same time, subject to tax. The differ- 
ent variations in the laws are too numerous and complicated, and would 
be of too little interest to be detailed here. 

The laws. of 1873 and 1876, which still continue in effect and govern 
the tariff on sugars, established the following rates relating to manufac- 
ture: 

Kate of duty per 100 kilograms (220 pounds) : 

Francs.* 

Saw sugars fi^m aU sonrces, below No. 13 _ 65.52 

Raw sugars from aU sources, from No. 13 to No. 20 68.64 

Sugars similar to refined, white powders, above No. 20 70.20 

Sugars refined in indigenous sugar factories and in the French colonies 73. 32 

Sugars extracted by barytic or other processes from exhausted molasses 26. 00 

Molasses not intended for distillation, and containing 50 per cent., or less, of 

sugar 19.34 

Glucose in sirup or the concrete state 11.44 

By an alternative provision in the law of January 6, 1876, depending 
upon the ratification of the agreement concerning sugars signed at Brus- 
sels August 11, 1875, the following classification was adopted : 
A. — For payment of duty on consumption : 

Below N"o. 13 of the series of types of Paris are classed sugars titrat- 
ing less than 91o. 

From Ko. 13 to N"o, 20, inclusive, sugars titrating from 91^ to 98^, ex- 
clusively. 

Among white powders, sugars titrating 98^ or more. 
B. — ^For the regulation of temporary admission : 

The first class (15 to 18, inclusive) comprises sugars titrating from 02^ 
to 980, exclusively. 

The second class (10 to 14, inclusive), sugars titrating 85^ to 92<^, ex- 
clusively. 

The third class (7 to 9, inclusive), sugars titrating 76^ to 85<^, exclu- 
sively. 

The fourth class (less than 7), sugars titrating less than 76^. 

« 1 £ranox=$0«1945. 
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The agreement of 1864 established the following yields of crystalliz- 
able sugar for the different numbers : 

PeroemL 

No8. 14tol8 94 

No8. 10tol3 98 

Nos. 7to9 80 

Below No. 7 67 

The following is the schedule of the general rates of import duties per 
100 kilograms ; 

Franca. 

Below No. 13, imported direct £rom oonntries outside of Eatope 65. 52 

Nos. 13 to 20, imported direct from countries outside of Europe 68. 64 

Below No. 13, imported from European waiehouses ,. 68.64 

Nos. 13 to 20, imported from European warehoases 71.76 

White powders, above No. 20, &om French colonies 70.20 

White powders, from foreign countries Prohibited. 

Befined, &om French sugar-making colonies 73.32 

Be&ned, firom other possessions Prohibited. 

Befined, from tbreign countries Prohibited. 

Baw-beet sugars from Belgium, extra tax 2.00 

Baw-beet sugars from Oermany or cither countries with which treaties of 

commerce have been concluded, Austria excepted 2. 00 

Baw-beet sugars from Austria francs 3.60 plus 4 per cent. 

Sugars imported directly by sea from countries outside Europe may be ad- 
mitted for refining for exportation. 

Molasses for distillation from French colonies Exempt. 

Molasses for distillation from foreign countries 3. 12 

Molasses for all other purposes, containing 50 per cent, or less of sugar 25. 42 

Molasses for all other purposes, containing more than 50 per cent, of sugar. 68. 64 

Articles 5 and 6 of the law of 1875 provide that sugars imported to 
France for refining shall be subject to a tax of 73.50 francs per 100 kil- 
ograms of sugar that it is presumed will be obtained by the refining 
process. "At the time of payment of the duties a warranty-bond will 
be executed at the desire of the importer, good for two or four months.'' 

Article 8 provides that at the exportation of refined sugars the cus- 
toms service shall deliver a certificate of export, stating the nature, 
weight, and saccharine richness. Certificates of export not having been 
dated more than two months, shall be received as compensation, either 
in payment of duties on sugars or of the warranty-bonds above men- 
tioned, for a sum equivalent to the duty that would have been paid upon 
them had they been delivered for consumption. 

A decree of August 8, 1878, provides in general for a drawback upon 
an articles of confectionery, comfits, preserves, &c., equal to the tax that 
would be required upon the sugar they contain. 

The method of collecting the taxes upon sugar in France is the same 
in principle and similar in practice as that in use in this country for col- 
lecting internal revenue on spirits. An officer of the government is 
stationed at each factory, and is charged with making an examination 
and keeping a record of the material worked, as well as the products 
obtained. The latter must have a certain relation to the former, i e., 
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as stated before, a certain quantity of juice having a given density must 
yield a given quantity of sugar, and the manufacturer is taxed for this 
minimum yield determined by^the examination of the juices. All prod- 
ucts of the fa^^tory are taken in charge by the ofBlcer and stored in a 
warehouse, the key of which is in his possession, and the sugar is kept 
here until disposed of for refining or for other purposes. The tax, 73.50 
firancs per 100 kilograms, is finally levied upon the quantity he takes in 
charge. 

The amounts of taxes realized by the government of France on su- 
gars from all sources during the years 1877 and 1878 were as follows : 



Kinds of sugars. 



Import duty on colonial sngars 

Import duty on foreign sugars 

Duty on manufacture of indigenous sugars 

Total 



1878. 



$7, 540, 800 

6, 886, 000 

22, 088, 400 



30, 515, 200 



1877. 



$6, 76a 760 

8, 642, 000 

17, 035, 600 



32, 446, 360 



CHAPTBE IX, 

CONCLUSION— IMPOETANCE OF SUGAE-BEET CIJLTUEE. 

In France the universal importance of the influence of the culture of the 
sugar-beet was rather slow in being acknowledged by those accustomed 
to write on the subject, but once it became thoroughly manifest, it was 
earnestly accepted, and the introduction of the crop in the systems of 
rotation rapidly took hold in all sections in which it could be made suc- 
cessful. The value of the culture in the amelioration of the soil was 
recognized by Dubrunfaut as early as 1825, when he said: 

The beet as a biennial plant enters readily into rotation with annual plants and 
with those considered as exhausting. It precedes wheat with great advantao^e and 
prepares the soil in a marvellous manner for crops of cereals. 

In 1853, Prince !N"apoleon Louis Bonaparte^ after a study of the sub- 
ject, said : 

The beet requiring frequent hand-hoeing and considerable fertilizing improves the 
soO. It is a fact that wheat sown after a crop of beet^ produces 10 per cent, more 
than after any other culture. In fact, everywhere that the beet is grown the selling 
value of the land has considerably increased, the wages of workmen have followed 
the same ascending progression, and the general welfare has improved m a wonderful 
manner. 

Behic, reporting to the council of state on a draught of a law concern- 
ing sugars in 1850, said : 

Metropolitan agriculture and industry are interested in the production of sugar from 
beets. By the aid of this industry cattlo-raising is encouraged, rotations favored, the 
mass of manures augmented in countries where this kind of work has been estab- 
lished; the culture of oleaginous seeds, hemp and flax, being crushed out by the beet, 
has all tended to enrich localities which had previously known only the culture 'of 
vulgar plants. 

11 SB 
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These sayings are all quoted by M. Manage in a report upon the in- 
dustry in the arrondissement of Valenciennes, made on the occasion pf 
the Universal Exposition of 1867. 

Further on in the same report, M. Manage shows that in the arron- 
dissement of Valenciennes, between 1854 and 1866, there was an increase 
of 103 in the number of oxen and bulls, 437 cows, 2,580 young cattle, 
and 3,144 goats. This rate of increase in the number of cattle is not 
found in other portions of France consequent upon the introduction of 
the beet-sugar industry, but it appears to be generally accepted among 
the agriculturists of the north of France that while the numbers of cat- 
tle have not increased to any considerable extent there has been a 
marked increase in the average weight of beef-cattle, amounting to 
from 50 to 75 per cent., and this increase is referred to the extensive use 
of beet-root pulp for food. By reference to the table given in the chap- 
ter treating of the statistics, we find that this industry, confined to a 
comparatively small area in France, gives employment to over 50,000 
individuals during the winter season, and all these people are left free 
during the summer season to assist in the cultivation of the fields, and 
the large majority find employment there. They not only manipulate 
the raw product of the farm but they are producers as well. In this 
particular this industry is one of the greatest boons to the laboring 
classes that can well be imagined. 

The amelioration of the soil by beet-root culture has already been re- 
ferred to. In this industry nothing should be lost to the farm, though it 
cannot be said that this is always carried out. The marketable constit- 
uent of the crop, the sugar, takes nothing from the soil in its formation. 
All its constituents are derived from other sources, atmospheric, &c. 
Much of the mineral matter of the crop is returned to the farm in the 
refuse of the factory, though a large proportion is lost in the molasses 
sent to the distillery, the residues of which are in most cases worked for 
the recovery of the alkaline salts to be used for other industrial purposes. 
It may, however, be justly said that in the culture of this crop, besides 
.the improvement effected in the physical condition of the soil, its chemi- 
'Cal character suffers less from this than from other crops. 

The statement of Prince Louis !N"apoleon has found confirmation in 
the results universally obtained in culture of wheat and other cereals ; 
for the cereal crops cultivated have increased to a very marked extent 
both in acreage grown, the yield -per acre, and the weight of a given 
volume of the grain. As a consequence of the beneficial influences of 
beet-root culture on the land, we find that its advance into any section 
IS soon followed by an increase in the value of property, and M. Macarez, 
in a short sketch lately presented of the history and importance of the 
culture in the arrondissemen^t of Gambrai, states that in 1835 land 
eultivated in beets was worth $120 per acre, and that in 1875 the same 
land was worth $280 to $325 per acre, and relations of a very similar 
character prevail in all the departments of France where the culture 
bas become fiirmly established* 
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Another advaiita.ge that may be claimed for beet-root culture, and 
one that would have great importance in the United States, is the utili- 
zation of the land annually left open to fallow, and this would effect a 
great saving, and* be a fruitful annual source of profit to cultivators. In 
this country, the ground, after previous culture of Indian com, would 
be in excellent condition for the beet crop, after having been broken 
up in the fall, and could, after beets, be planted in the subsequent spring 
in oats or barley, and these in turn, after application of stable manures, 
may be followed by wheat. M. Manage, speaking of the disappearance 
of fallow in the arrondissement of Valenciennes says : 

It has radically extirpated faUow, which at the beginning of the centnry was rep- 
resented by 11,362 acres ; in 1840 by 9^875, and in 1857 by 103. There does not now 
remain a trace. 

In the introduction of the culture of the beet and the manufacture of 
Bugar therefrom the enterprise will not have the same advantages in its 
favor, as to the value of the ultimate product, as the Europeans had at 
the birth of the industry on the other side of the Atlantic. In the be- 
ginning of the work their sugar was worth 125 to 128 francs per 100 kilo- 
grams ($11.36 per cwt.), and it was several years before it fell to 90 to 
100 francs ; but now that the price has fallen to 53 to 58 francs, the manu- 
facturers find themselves in the unpleasant predicament of being unable, 
with the apparatus they have in their works, to extract the sugar from 
beets of the average production, which are generally of low quality, at 
a cost sufficiently low to compete with products from external sources. 
However, in the United States we may have the advantage of the ex- 
perience gained in the European works, so that, instead of having to 
begin upon a raw product of low quality and crude methods of culture, 
fertilizing, and manufacture, we may start with those varieties of seed 
and those methods of culture and manufacture which have been found 
by long practice to give the highest return for the capital and labor em- 
ployed. 

But the greatest obstacle to the ready introduction of this valuable 
industry into sections before unknown to it, and where aU. the conditions 
of soil and climate are favorable to it, will be found in the difficulty of 
securing at once concerted action on the part of the farmers to produce 
each year a quantity sufficient to be economically worked for sugar on 
the one hand, and the capital necessary for the erection and maintenance 
of the buildings, machinery, and apparatus required for extracting the 
sugar, on the other hand. A limited number of farmers may be found, 
in almost every section of the United States in which beets could be 
grown with good results as to quantitative yield, who would be willing 
and even anxious to undertake the culture if a regular market could be 
found for their crops. As we have seen in an earlier portion of this 
work, the product of at least from 500 to 800 acres is required for eco- 
nomical and profitable work in the manufacture of sugar from the beet 
by the usual European methods, and few proprietors could be found east 
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of the Mississippi who would care to undertake singly the cultivation of 
that area, or who would even have the ability to do so. 

The importance of sugar production in the United States makes it 
worthy of extended encouragement not only by the State governments, 
but by the national government as well. Beets are produced in France 
with great profit for the production of alcohol, and the residues &om 
this branch of manufacture have been found almost as valuable for cat- 
tle food as those from the sugar factory, and by many agriculturists are 
even preferred. * The apparatus required for converting the sugar of a 
crop into alcohol is much less costly and extensive than that required 
in the extraction of sugar. But in this country no special apparatus 
nor the erection of special works would be necessary on account of the 
numerous distilleries already distributed throughout the land for the 
manipulation of cereals. The same apparatus, with very slight addi- 
tions, could be employed for the manipulation of beets for the produc- 
tion of spirits, and they could be worked in any quantity, however 
limited, instead of grain, and when the stock of roots is exhausted, the 
distiller may then return to his grain. But just here a serious dif&culty 
arises. Beets could not, at present at least, be produced at a cost suffi- 
ciently low to compete with cereals in this branch of manufacture, and 
to offset this disadvantage and to induce the culture of the sugar beet 
throughout the country,! would suggest that spirits manufactured from 
sugar beetst be made exempt from tax for a term of years to be definitely 
fixidd^as to duration, or during this time be subjected to a tax suf&ciently 
yiow to enable the roots to successfully compete with the cereals, and to 
cause them to be sought after to some extent in preference to them. 
The demand thus created would open a market at once, and the culture 
would, in consequence, be engaged in without delay, at first upon a 
small scale very naturally, but it would also very naturally become more 
and more extended until limited by the bounds of the region of success- 
ful culture, and the latter would at the same time be determined. The 
difficulty of entering thus into a new enterprise on a large scale, without 
previous experience, would be obviated, and the American farmer would 
not be slow to realize the benefits, besides the immediate profit he 
would secure from his crop, to be found in the improvement of his soils, 
the increase in the quantity and value of his grain crops, or of his beef 
or dairy cattle. At the end of the term of years proposed for the reduc- 
tion of the tax on spirits manufactured from* the sugar beet, when the 
tax would again be exacted and his market thus destroyed, unwilling to 
lose the subsidiary advantages he has recognized as resulting from his 
new culture, and seeking new markets for the crop that wiU have proven 

* This mode of disposing of the crop has also the merit of retnming to the farm not 
only all the nitrogenous compounds in a suitable condition for feeding, but it saves 
all the mineral matters as well, none being lost in molasses. 

tin order to insure the cultivation of rich races, a provision could be made that no 
roots be admitted for manufacture under such regulation, except those the juice of 
which should contain over 10 per cent, of sugar, and have a density not below 1.050. 
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SO valuable to him, he will seek new markets, and he will be ready to 
supply to the factories which may then be established the raw product 
necessary to successful and economic work* The extent of cultivation 
in this way induced would seem to leave no question as to the possibili- 
ties of securing all the supplies that an average manufactory would re- 
quire, and the difficulty of making contracts for such supplies would be 
materially reduced if not entirely abolished. 

The loss the government might sustain by the temporary reduction in 
the revenue from spirits might be subsequently compensated for by es- 
tablishing a tax upon the sugar produced, so that if we consider that 
if from the introduction of this industry sufficient sugar may be pro- 
duced to supply our home demand, it would not only become the cause 
of retaining annually in this country about one hundred millions of dollars, 
and a source of employment to over 100,000 laborers, but might, at the 
same time, become as fruitful a source of revenue to the government in 
the future as spirits and tobacco have been in the past and are to-day. 
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APPENDIX A. 

The following cats are intended to show some of the more essential apparatus and 
machinery nsed abroad in the production of beet-root sugar. At the outset of the 
preparatioii of the manuscript of this report it was determined that its complete illus- 
tration would be impracticable, but after the completion of those chapters relating to 
culture and manufacture the frequent demand for information concerning the forms of 
apparatus and machinery employed seemed to render this appendix necessary. We 
have, therefore, brought together the following series of illustrations of the later and 
more improved forms, most of which have been mentioned in the text of the report. 
In order to make them better imderstood each one is accompanied by a short legen^, 
with letters of reference to the different parts where this has appeared necessary. 
This legend is principally intended for those not thoroughly familiar with mechanical 
construction and designs. Many of the details which, in the illustrat^ions, will be 
readily understood by machinists, but which are not needed for a general comprehen- 
sion of the principles involved in the apparatus represented, are, therefore, omitted. 

We have also attached to each a reference to the author or publication from which 
it was taken. These are : Maumen^, Traits Thearique ei Pratique de la Fdbricalion du 
Sucre; Basset, Guide Pratique du Fahruxmt de Sucre; Stammer, TraitS Theoriqne et 
Pratique de la Fabrication du Sucre; Walkhoff, Trait4 Ccmplet de Falnicatian et Bafinagt 
du Sucre de Bettraves (translated from the German by Merijot and Gay-Lussac) ; Journal 
dee Fabrioante de Sucre; La Sucrerie dighie, 

166 



FRE]VCH SEED DKtLL.— (BABan.) 
^^JDGlent tanu j horizontel visw. 

Fig. 2. ^^^'^ 



CCOIBmKD BEET-SEED AND FERTILIZBE DEILL FOB FLAT CULTUBB. 
Jas. Smith & Sons, Peasenhall, Suffolk, Enqluid. 

1 yftry In number an 




DETAIL OF HOE AND COVEKmO W MKHT. 



The nuwhlne drills two panJlel rows. On each side of the nuchlne ia a conwve Ttdgtng- 
roller, a hollow ahare which TBoelvoB ttao seed ttora the box above, and mx Iron roller for 
covering the seed. The seed wheels uv of the usnal English farm, having little hemis- 
pherloal oaps to dip up the seed and drop It into hoppers, from wl^eh coj^doctors lead tit 
the hollow Bhtuvs which open the funows.— (Knioht.) 
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BKBTBL'B RIDGEK, DKILL. AND CITLTIVATOR.— (Joubhal i>ES Fabricuits Di 

Fig. T. Eidger. 

Fig. B. Ridges before aawiog. 

Fig. ». 3e«d Drill and Fertilizer Distribater. 



PLATE VI. 
Fig. 14. 
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DRILL. AlTD CTJLTITATOR.— (JOUHBAT. D) 
Horiiontsl view of colllvBtor. 



7BSNCH BOOT DIQQES— (Jouuub DM FiBBICAVn D» SUCRB.) 
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COMBINED BEET AND POTATO DIGGER. 

DBtHill-TAILLEUB A, B*J*C, LljUtCOURT (OiBB) rBANCI, 

it maohiue odjo'table pieces, which are shown separetoly, may be aabatitat«d 
forescb other as deafred; 1 for beets and 3forpatatoe8,_(KiiiaBT.) 



BEETS 

DELHAim-TAUiLEUK &, BaJAC. ' 

the tmp root of the beet i» cut ixB. ud tb 
from the ((round.— (KiilaBT,) 



GEKUAIT BOOT DIGGER— n^AHLEor?.) 



PRESERTIXG TEKXCH.— (n»9l 

Fig. IS. Trench open ; a, drain trencb. 
Tig. 20, Trench filled, vith Tentitatin); aha 
Tig. 21. Trench filled and covered. 







LAMPADIUS RASFJ-mAcfytp ^ 

,, Hopper for roots, . A' 1 I . 

I. Plunger to foire roots u(&iiff c1dliidrir»l nwp. ') 1" >. 

;. Tnrning in direction of IrrowK/ ' ^' J.' , , ) 

. Trongli to receive pnlpi' ' 'i ,S' / ■,, »' 
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FltAlfE FOB CTUNDRICAI. BASF.— lUAUMUtft.) 



CHAMPOmrOIS EASP— (MiUUKKft.) 



F, v. HcAvy cBBt'lron annH attached to aiti' T, and vhich, by i 


»pid 


revolntion. force the roota agalnat raapa held in frame B W. 




T. Pipe to ooDTej-Jetof waterto interior of rasp. 





PLATE Xm. 



PLATE XIV. 
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LALOTTETTE lUPROTBD HTSRAHLIC PRESS.— (Jouknal des VunactMU nl SUCSK.) 
It Ib claimed (br tills press, tbat it iticrease* tbe field in sagar. sapprenws three-Rnh* the labor 
nquired with unliiiat; hjdnuilic preesfs, and leaves but IT to 18 per cent, of pnlp. 
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PLATE iVlu. 
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EOOT CDTTEE.— (StAMUBS.) 

a. Cnttlng'plBte. 

b. Fec>d-hoppeT- 

c. Keaervoir of fl]ic««, 

d. EiitofBltces. 



PLATE XXm. 
FlO. 36. 




TEETICAL ASD HORIZONTAL SECTIONS OF BOBBBT'S DimJSIOy 

B ATTERT.— (Stahusr. ) 
a. Koot-entt«r. b. Ch»rgiiig-cM with weighing Bttnchment. r. Morable hopper, d, S'. d', d', Sic. 
Diffiuen. «■ SebeatJng-reaerTsii. f. Cmuaanics^B-ti'''™ betwEcn dfmuen. g. DischBrge-tnbe. 
k, CondnotlDg-tube for d<9pUc«d water orjnice. 1. Bafet;-tDbo connectiiig wltli oil the dUhsen, wd 
serving U> dJBoonoect a defective one. t, a, v, i, j, i. Valves eoneBponding to the vuioas tubes. 
m. Tab« Joining vOlvee with dlfflisers. t'andr', &c, Condniis between rehestera and dlffnsen. wand 
n. Valves cnrreapoading with sune. r*. Condoit of ioloe to defecators. ■. Manhole for exit of ex- 



PLATE XJXV. 



BOTAirVB DIFFUSION BATTEEY.— {JouBBiL DBS TxaejCisn ds SocnB.) 



PLATE XXV. 



FARINAT7X FILTER PRESS. 
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PLATE XXVII. 
Fig. 40. 



TACmjM STRIKE PAN.-(M*l)l(EKe) 



PLATE XXV ill. 



VACUt™ STRIKE PAN.- TERTTCAL SECTION.— (MiUimrt.) 



PLATE XXIX. 

FlO. 42. 



CEKTRIFUGAL FILTEE.— (MAfMBKt.) 

Fig. «. 



KLUSEUAN'S COSTISUOUS CHARCOAL ■WASHEE.— (MAfmirt.) 



PLATE XXX. 
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PLATE XXXI. 



PLATE XXXll. 



CABSONIC ACID GAS T 



APPENDIX B. 

HISTORY AND PROGRESS OF THE CULTURE OP THE SUGAR BEET AND 
THE MANUFACTURE OF SUGAR THEREFROM IN THE UNITED STATES OF 
AMERICA. 

Notwithstanding the progress t&at has been made in finrope in the culture of the 
sugar beet and the manufacture of beet-root sugar, and immensity and value of the 
industry it has supplied to European nations, the knowledge and experience resulting 
has not been applied in such a way in the United States as to make the production of 
sugar from this source a matter of any commercial or industrial importance, although 
attempts at the introduction of the industry hare not been wa nting. In most cases the 
attempts, which have had varying success' or rather failure, seem to have been origi- 
nated and guided by enthuBiasm rather thau by sound Judgm^tlti based upon a pre- 
vious close study of all the conditions which should influence or absolutely govern 
the success or failure of the enterprise. This is very evident from a review of the 
records we have of the various experiments which have been made both on a large 
and a small scale. 

The first experiment made by two enterprising Philadelphians as early as 1890,\ 
was almost cotemporaneous with the final firm establishment of the industry in 
France and the great interest manifested in it there, but it seems that these gentle- 
men were wholly ignorant of the requirements either of the culture of the root oy- 
the extraction of sugar, and failure .was the natural result of their efforts. 

Eight years later, David Lee Child, who had spent a year and a half in the beet- 
growing districts of Europe in careful study of all the requirements, both of culture 
and manufacture, undertook in a small way the production of ^beet-root sugar at 
Northampton, Mass. He was attracted by the method of drying the roots that had 
lately bieen invented by Schutzenbach, both for the purpose of preserving them and 
for facilitating the extraction of sugar, but being unable to obtain irom Schutzenbi^ 
any information conconing the details of the method unless he would purchase the ex- 
clusive right to use in the United States, and give security for payment in case success 
should be obtained in a model factory, Mr. Child operated the method with appa- 
ratus of his own device, by means of which he was able, with a temx^rature of 150^ to 
185^^ Fahr., to dry 800 pounds in twenty-four hours. The dried product was ground, 
treated with three times its weight of water, and subjected to pressure, giving, it 
was said, a liquid twice as rich in sugar as the ordinary juice of the beet. In his 
little work entitled The Culture of*the Beet and the Manufacture of Beet Sugar, Mr. 
Child informs us that the cost of culture in the Connecticut River Valley was, in 
1838 to 1839, $42 per acre, with an average yield of 13 to 15 tons ; that the crop 
yielded 6 per cent, of sugar and 2^ per cent, of molasses, and the cost of the sugar 11 
cents per pound, pulp and manure not taken into account. But he does not mention 
the surfiftce sown in beets nor the quantity worked up. From other sources, however, 
we learn that the quantity of sugar obtained was 1,300 pounds. 

The interest in the beet-sugar industry in the United States seems to have been quite 
dormant, or at least not sufficiently strong to manifest itself in active work, and its 
subsequent history, which, as before stated, was a rather checkered one, began in 1863 
with the inauguration of the well-known enterprise at Chatsworth, 111., by the Gen- 
nert Brothers, formerly of Braunschweig, Germany, and later of New York City, 
which, on account of the ill- chosen location as regards soil and climate, really the 
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two principal conditions of sncoessfol cnltniey failed after a straggle of nearly six year% 
Bad management and lack of practical knowledge of the indifstry in the first few 
years, had culture in 1868, delnging rains in 1869| and drought in 1870, in addition to 
the abundance of nitrates found to exist in the soils, appear to he the causes tending 
to the disastrous result. As a final struggle to maintain an existence the company 
removed the works to Freeport, in Stephenson County, of the same State, and though 
the saline character of the soil, which was a bane to the culture in the former locality, 
did not exist here, the efficient management of the able superintendent could not pro- 
vide against the unfavorable climatic influences, and one year later the Grermania 
Beet-Sugar Company finally succumbed, and its superintendent removed with some 
of the machinery of the late company to Black Hawk, Sauk C oun^ Wisc onsin, to 
join with the co-operative enterprise that had been started there a year before. But 
the lessons of experience appear to have been no guide, for this attempt was made, 
like the previous ones, in a section not provided with the principal requirements for 
successful work. * 

The crop of 1870 partially failed through drought. The machinery for the utiliza- 
. tion of what there was arrived late, and the ponds upon which the company relied 
for water supply dried up before all the roots were worked for sugar, and a portion 
was left to be fed to cattle. Though additions were made to the works during the 
following year by means of machinery brought from Blinois and Fond-du-^Lac, the 
result of 1871 does not seem to have been profitable, for since that timetlid enterprise 
has been so completely lost sight of that it is impossible to obtain any further inform- 
ation concerning it. The experiment at Fond-du-Lac, which, however, was not Jong 
continued, seems to have been the first to give unquestionably good resolts. It was 
started by two Qermans, Messrs. Bonesteel and Otto, who organized a company with 
J^12,000 capital, and though compelled, with their limited means, to work on a small 
scale, their success was such during the two years of existence of the enterprise as to 
attract the attention of capitalists on both sides of our continent, and they received 
an ofifer from ^Uadelphia of funds to carry on the work where they had so success- 
fully established it, and another from ^aa- Francisco to put them in charge of the 
works of the Alvarado Sugar Company, which had just been organized with a capital 
of $250,000, and, finding the latter offer the roost tempting, they abandoned their works 
at Fond-du-Lac and inigrated to the Pacific coast, where they managed to carry on 
the work with varying success until 1873, when it was reported that the company pro- 
posed removing to a more eligible locality. But it does not appear that this proposi- 
tion was carried out, for what reason we are not infoimed; though Mr. Otto, who was 
then superintendent, ^nd who, with his colleague in the Fond-du-Lac enterprise, Mr. 
Bonesteel, had become partners in this company, was shortly afterwards transferred 
to Sequel, in Santa Cruz County, where as late as 1876 the factory was re{M>rted as 
being in successful operation. The Alvarado Company struggled on until 1€^6, when 
drought having destroyed the crop so completely that there was no raw material for 
work in the factory in the ensuing winter, the company not having realized enough 
to enable them to carry over until the following season, failed financially, and perma- 
nently closed their operations. 

The Sacramento Valley Company was organized in 1869, and commenced extended op- 
erations in manufacture in 1870, and its existence was maintained Until theclose of 1875, 
when the machinery, which had cost $160,000 in Germany^ was offered for sale at 
^{452000, and we have no information to the effect that it has been sold. Concerning the 
industry, a writer in the Alta California during 1869 says: ^* Something new and un- 
expected has revealed itself. In Europe the beet attains its ma^D9,Qm of sagar in the 
latest period of growth before the frost sets in. Here it has losthalf its sug^ in the 
last six weeks — last of October. The beets taken from the same soil ancT milled in 
December by Wadsworth, superintendent, had the full complement of sugar." 

The Soquel factory soon followed the fate of the others, but causes of its failure 
have not been assigned. 
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Tbe importance the miEaiiifactnTe attained in California is shown in the following 
statistics of beet sugar produced, published in 1874 by the State Agricultural Society: 

Founds. ^ 

1870 - 500,000 

1871 800,000. 

1872 1,125,000' 

1873 1,500,000 



^ 



But nothwithstanding these ^gures, which are certainly flattering to the industry, 
there has not been a factory in operation in the State 8inc^^l876^nd the capital in- 
vested in. the manufacture, yearly one milli on dollars, has been a total loss, the causes 
of which may undoubtedly l^elsraced^ conditions determined in the department dur- 
ing the present year by the study of European history and practices to be manifestly 
unfavorable and decidedly deleterious to the successful prosecution of the industry. 
We refer more particularly to the meteorological conditions prevailing during the 
season of growth, which, as appears from the relations worked out, have a clearly 
defined influence for good or for evil, for success or failure, in the culture of the sugar "| 
beet, and it is an interesting fact to note that at none of the localities where the ex- ' 
periments made have been attended with failure are the prevailing meteorological 
conditions found within the limits determined to be favorable to or governing the ex- ' 
tension of successful culture. 

The experiments made up to this time received no aid or encouragement either fi^m 
the ^tate governments or from the general^vemment^ with the exception of the pro- 
vision tnat no machinery purchased abroad and imported for manufacture of sugar 
from the beet in this country should be subject to customs j Luty, and the limited assist- 
ance given by the Department of Agriculture, in contributions of seed of the bet- 
ter varieties for experi ment, and such information on the subject of the culture of 
the root and the manufacture of sugar as could be obtained by the means at hand ; 
bat this limited assistance was not of a character to produce any very marked effects. 

In 1870 to 1871 the States of New Jersey and Massachusetts made legislative pro-\ 
vision exempting from taxation for ten years from date all capital and property en- 
gaged in the beet-sugar, industry, but no practical results seem to have followed this ' 
provision. In New Jersey, however, Mr. Joseph Wharton, of Camden, has during the^ 
past three years devoted a portion of his estate at Batsto to some very intelligent ex- 
periments in the culture, which, as regards the quantity of the product, have given 
unsatisfactory results, and only tend to show that the climatic conditions of the sec- 
tion, possibly combined with the light character of the soil, are not such as to render 
the xK^rmanent establishment of the industry in that locality possible. 

In 1876 the Canadiau Government offered a premium of one cent per pound for allN 
sugar manufactured from the beet-root, the total sum paid to any one individual com- ' 
pany or corporation not to exceed, however, §7,000 per annum. 

This premium stimulated the culture of the crop and the establishment of factories, 
which have continued in active and profitable operation. 

The State of Maine followed the worthy example of its near neighbor, and in the 
same substantial terms; the Forest City Sugar Refinfi]:3L.at Portland hastened to 
take advantage of the premium offered, and the experiment on a small scale in the 
manufacture, by the company, as had been the culture by the farmers in 1878, re- 
sulted in such brilliant success that the company have this year so enlarged the ca- 
pacity of their works as to enable them to work 150 tons of roots per day, and have 
secured from the farmers a crop from 1,250 acres of land. Their success has also ani- 
mated the people of Massachusetts, who have organized a company for work at the 
locality of Child's experiment of 1838-^39, at Northampton^ Mass. 

In 1876 and 1877 Delaware appropriated J300, and in 1878-79 $1,500 to be exi>ended 
in premiums, &c., to stimulate the cultiire, and the result has been the establishment 
of the Delaware Beet Sugar Company at Wilmington. 
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In California, alao, interest in tiie indnfltryhas agttin been awaketied throni^li the in- 
strumentality of Mr. Th. Gennert, whose wortliy eatliaaiasm led to the establishment 
of the enterprise in Canada anlL in Maine. The work is to be renewed at the factory of 
the former AlY^r ado Company, and Gtonnert's scheme for drying the beets for preserva- 
tion and transportation, which was attended with such disastrous results at Chatsw^orth 
and in Maine. *is to be tried once more. It is understood that Mr. Gennert is no^w in- 
terested in the Alvarado Company and expects to carry out his plan for drying the 
beet-roots, and, thus diminishing the cost of transportation, incre^Cse the profits of 
manu&cture, in which we hope he may be sucoeflrfol. The culture of the beet has also 
been undertakMi in Santa Clara County, where it is proposed to supply deficient 
moisture by irrigation, and to ^ry in open sunlight the roots, of which it is declared 
two crops ean be produced in one year. Without wishing to discourage the enter- 
prise in any way, we may venture to express the hope that the promoters are acc[aainted 
with the experience of the growers of the south of France and Italy, as described 
by Gustavo Heuz6 in his work ^^Lea Plantes F^wmi^es,^ pagc^.^r where he says : ''The 
beet succeeds well in the cold climates of Europe. It will grow in southern coantries, 
but it suffers there from heat or drought ; its root remains small, green, and contains 
little sugar. An attempt was made to hasten its growth in Lombardy by frequent 
irrigation during the summer, but irrigation was fatal to it, and growers were forced 
to adopt other means to assure success." 

We would also call attention to the fact that in Algeria where the enterprise of pre- 
paring beets fcHT preservation and transportation by drying in open sunlight, tlie suc- 
cess, if any was obtained, has not appeared worthy of record. 

Besides the arrangements that have been made for the production of sugar troiak the 
beet at the different jdaces mentioned active interest has been awakened elsewhere, 
particularly at Baltimore, Md., Chester, Pa., and at various looalitiee in New York, 
but these movementsliave not yet assumed definite shape. 
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PREIilMINARY REPORT UPON THE CONDITION OF THE CttiTURE 

SUGAR BEET NEAR PORTLAND, ME. 
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Washington, D» C, Oeteher 5, 1879. 

Sir : In accordance with your instmctions of Aagnst 36, 1 proceeded to Portland, 
Me.y and made examination of the condition of the cnltnre of the sugar beet in that 
vicinity, and have the honor herewith to submit a preliminary report upon that sub^ 
ject. On the return of circulars which hare been distributed among the farmers grow- 
ing beets f<Nr the Maine Beet Sugar Company a more detailed report wiU be made. 

Very respectfully, 

WM. McMURTRIE. 
Hon. Wm. G. LeDuc, 

Commissioner of Agriculture. 



PRELIMINARY REPORT. 

The inauguration of the ^iterprise of growing beets for tiie production of sugar 
in the vicinity of Portland, Me., occurred in the spring of 1878 under the influence of- 
the Maine Beet Sugar Company, whieh issued notice of organization on April 23, and 
was granted a charter by the State legislature May 11. 

The plan of the company was to secure a limited crop in 1878, and work it with as 
inexpensive apparatus as could be procured and made effective to be used in connec- 
tion with the Forest City Sugar Refinery. The German idea which has governed 
former experiments of this kind in this country, that of purchasing for the company a 
quantity of land sufficient to fu^mish the necessary supplies for a factory, was consid- 
ered impracticable, and they determined to depend upon contracts to be made with 
the farmers for their supplies, and though the enterprise is a new one to the farmers 
large numbers appear to have been willing to cultivate small areas, but on account of 
an unfortunate delay in securing the seed for distribution (it had been ordered in 
Germany) and the consequent very late planting the crop was not a good one, and, 
therefore, not very profitable to the growers, and only about 1,000 tons were obtained 
to be worked up in the factory last year. The company suffered another discouraging 
experience in the way of the mode adopted for the preservation of the roots for work- 
ing late in the season. The method proposed was to slice the roots and dry them, and 
by this means it was expected that larger quantities could be obtained from the fact 
that they could be transported greater distances, but the experiment resulted in dis- 
astrous flulure. The drying oven experimented with was estimated to cost $800, but 
actually cost f^^OOO. It was stated to have a capacity of 25 tons per day and would 
dry but 7 tons, and the cost of working was about $6.50 per ton. The experiment 
was made in the Aroostook upon 500 tons of roots under the most favorable conditions, 
proving conclusively that the method is too costly to be employed for the purpose. 
Besides l^e cost involved in drying the roots, it was found more difficult* to extract 
the sugar from the dried slices in the factory than from the roots worked in the green 
state. 

But after all these discouraging circumstances the results obtained in the fiictory 
did much to counterbalance them. The roots produced and delivered, contained an 
average of 12^ per cent, of sugar and yielded neariy 10 per cent., in the extraction, of 
sugar of good grade, convincing the company that good roots could be produced, 
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and that if safficient quantity could be obtained for work in the factory tlie enter- 
prise conld be carried on with profit to all concerned. They, therefore, proceeded to 
make arrangements for securing the machinery and apparatus necessary £or work- 
ing 150 tons of roots in 24 hours, and roots sufficient to supply a factory of this 
capacity. The process for extraction adopted is Robert's diffusion process, £or which 
the apparatus of the most approved patterns, and with the latest improvements, was 
purchased at Halle in Germany. The works are adapted to the extensive bnildin^ of 
the Forest City Sugar Refinery, and the glass-house adjoining, and will be ready for 
active work by the middle of October. It was proposed to make use of the T'anits of 
the glass-house as a place for storage of roots during the winter, but upon later con- 
sideration, this, it was thought, would be found impracticable on account of the 
danger of collecting too large a quantity of roots in a single mass, and sabjecting 
them in this* way to the possibilities of heating, sprouting, or decay, and consequent 
loss in their sugar content. Arrangements will, therefore, be made with the farmea 
for storing the roots in trenches and delivering them as they may be needed. 

As before stated, the German method for obtaining supplies, that of puzchasing 
large areas of ground to be devoted to the culture, was considered impracticable on 
account of the large investment of capital involved, and the method followed by the 
French, though somewhat modified, has been adopted. The company appointed 
agents to call upon the farmers and make contracts with them for the roots produced 
on a given area, to be delivered either at the fstctory or the nearest shipping point. 
In this way contracts were made with about 1,700 farmers for the roote of 1,250 acres 
of land. When the agent of the company made the contract he delivered to the farmer 
the quantity of seed desired, to be paid for in the fall in beets from the crop produced. 

The following are the forms of contracts employed in all the dealings with the 
fJEurmers: 

: — P. O., Me., , 1879. 

I agree to raise for the Maine Beet Sugar Company acre- of sugar-beets from 

seed furnished by them, and to deliver the beets next fall on the cars at rail- 
road station for five dollars per ton of 2,240 pounds of unwashed beets, as they come 
from the field. 



[Greorge S. Hunt, preaident; Heniy B. Blackv^ell, treaBarer ; Ernest Th. Gennert, secretaiy and gon- 

era! superintendent.] 

Office Maine Beet Sugar Cobipakt, 

FiPrtlamdy Me., , 1879. 

We agree to buy of all the sugar-beets raised by him on acre- 

firom seed furnished by us, and to pay for the beets cash on delivery on the cars at 

railroad station next fall, five dollars per ton of 2,240 pounds of unwashed beets 

as they come from the field. 

MAINE BEET SUGAR COMPANY, 
Per , Agent. 

$ .] P. O., MjB., y 1879. 



For value received in sugar-beet seed, I promise to pay the Maine Beet Sugar Com- 
pany, or order, in October next, dollars and — cents in cash, or in sugar beets 

at the rate of five dollars per ton of 2,240 pounds of unwashed beets delivered on the 
cars at railroad station. 

The company agreed to pay (5 per ton for the roots delivered at the nearest shipping 
point (railroad station or wharf), a&d made airangemehts with the freight agents at 
different points to,3recexYe!)^ acknowle^e, and forwqjpd the, roots to the factory. If they 
be delivered by the farmei: directly ^p th,^ faj^tjoiy, the price paid is $6 per ton. The 
quantity delivered directly will, however, be small. " The companies governing the 
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railroads centermg in Portland allow very generous terms for transportation of the 
roots, and for any distance not exceeding 50 miles the rates are 50 cents per ton ; while 
£or distances of over 50 miles, and not exceeding 110 miles, the rates are 80 cents per 
ton. This admits of obtaining roots from very long distances, and they have this 
year been grown in small crops in the entire section extending from Farmington on 
tlie north to Haverhill, Mass., on the south, and from Orono on the east to Concord 
on the west. The pulp will be carried back to the farmers at the same rates for 
freight, and will be sold to the producers of roots at (1 per ton, which wiU afford 
tliem a cheap source of valuable cattle food. 

In order that the farmers with whom contracts for roots were made might be in- 
structed as to the methods of culture to be followed, the agents of the ctf>mpany de- 
livered to each one, and to all others who might desire them, copies of the following 
circular : 

HOW TO BAISB SUGAB BEETS. 

Portland, March 31, 1879, 
To the farmers of Maine : 

The Maine Beet Sugar Company is now ready to contract with fiEurmers to supply 
tbem with genuine sugar-beet seed, and to pay them (5 per ton for the crop of beets, 
cash, on delivery at the nearest railroad station, or ^ per ton, cash, on delivery at the 
Forest City Sugar ReHnery in Portland, either by wagon or vessel. The seed will cost 
20 cents per pound, payable next fall in cash or beets. Fourteen pounds of seed will 
plant one acre. 

Almost every farmer has raised beets, or mangel-wurzels, which require similar cul- 
tivation. In order to get a good cr^p, say 20 tons or more per acre, the needful con- 
ditions are, early planting, good manuring, deep plowing,^ thorough harrowing, 
plenty of seed, timely thinning-out, careful hoeing and weeding. With these seven 
conditions, a good crop is certain. We will name some of the farmers, among many 
others who raised satisfactory crops of beets from our seed last year : 

Tons per aore. 

William Connor, Fairfield 20 

IraE. Getchell, North Yassalborough - 20 

W. W. Harris, Cumberland 22i 

John B. Morrison, Farmington v 40 

Henry Piper, Benton 40 

H. L. Crosby, Winslow • 40 

Charles B. Seavy, Benton 49^ 

Last year, however, many farmers planted too late, or upon land not in proper con- 
dition, or did not attend to thinning and weeding at the proper time. Of course they 
failed to get a satisfactory crop, as might have been expected under such conditions. 

TIMB OF FLAHTmO. 

Early planting is specially important. The seed sprouts best in cool, moist weather. 
The young plant thrives in the rains of early spring. By early planting, the beets 
get the start of the weeds. At first the beet grows slowly, but when once fairly rooted 
it becomes very vigorous, so that, later in the season, after thinning and weeding, it 
will take care of itself. Early planting enables the farmer to get the thinning and 
weeding done before the haying season begins. Just as early in May as the soil can 
be thoroughly loosened and pulverized, the seed shoidd be planted, in rows twenty- 
four or thirty inches apart, and covered from one-half to one inch deep. Land plowed 
the fall before can be got ready earlier, and is therefore preferable ; but this is not 
absolutely necessary. 

The soil should be a deep, mellow loain, free 'froin stahditi^ Water; clay loam and 
sandy loam are both good. The better the soil knd1;he more liighly manured the larger 
will be the crop. Any kind of dres^g is good : old, well-rotted barn-yard manure, super- 
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phospluite, guano, fish-ohnm, bone-dust, leaolied aahes, or Stockbridge fi^rtilizer. 
Flow a little deeper thorn ever hqfare^ If the plow is followed by a subsoil plow, so as to 
loosen what lies below to the depth of fifteen inches, without bringing It to the snx- 
lace, so much the better. Clods should be broken up by the harrow, and a smooth 
surface obtained. Land which was plowed and manured last year is best. If sod land 
is used, turn sod bottom up, and bury it as deep as possible ; thoroughly dress and pul- 
verize the earth above the sod, leaving the sod to decay slowly below. We do not 
advise a sod-cri^ for beets, yet in some cases good returns have been had. la 
planting on sod laud it would be well to plow twice in the same furrow, so as to buiy 
the sod deep. Thus you get rid of the weeds. Afterwards plow or harrow in the 
manure and, use superphosphate in the drills, so as to give the beets a fair start. 

BARLT OOlilTfATlOH. 

After harrowing, as early as possible in May, get in the seed, so as not to let the 
weeds get the start of the beets. Lay out the rows straight. Kail, under a board, 
strips about 1 foot long, 2 inches high, and 1 inch thick, like runners under a sled; 
these strips should be at the distance the rows are to be apart, which may be as fol- 
lows: Two 13-inoh rows to begin with, followed by a 30-inch row, which is again 
followed by two I3-inoh rows ; and so alternate the one 30-inch row and the two 12- 
inch rows. The board is fnstened tightly to a common one-honse cultivator or some 
other contrivance. If the strips do not cut deep enough to be easily distiii^aished, 
get a stone, or something else heavy, on the dg. Allow the strip on one side to go in 
the previously-made line. This arrangement is to secure oasy cultivation ; the hoise 
to walk in the 30-inoh.row, and the cultivator to work at the same time the adjoining 
row on each side, thus cultivating at one time 54 inches in the two 12-inch and one 
30 inch rows. 

The field, thus prepared and marked, should be planted without uimeeesaary delay; 
first, because the soil loses the moisture quickly on its surface, which is required for 
germination of the beet seed; and, secondly, because every hour's delay £^ves the 
weeds a start over the crop. 

The seed laid by hand or drill should be placed at an even depth of one^half inch, 
in no case over one inch deep. Planting by drill requires 14 pounds of seed per acre, 
and to use less- is very bad economy. 

Planting by hand requires less seed, but takes more time and labor. In planting 
by hand, proceed as follows: Cut a small stick 8 or 10 inches long; keep this stick in 
your left hand, in which you carry also a small bag with seed ; tt^e in the fingers of 
the right hand a few seeds and press th^n about once-half inch into the ground, 
using the whole hand to cover them up. In aJtematiag one 30-i|ich row with two 12- 
inch rows, the planting in the row should be 8 inches apart, so as to secure 40,000 
plants to one acre. The stick in your left hand will act as a guide, and, by nsing it 
occasionally, you will soon plant very nearly alike. This method is the best for culti- 
vation afterwards with a horse, and the cultivators for working the three rows atone 
time will be furnished by the company at $12, and will save their cost the first year. 
It will take about three hours to cultivate one acre, and one cultivator will do for sis 
neighbors. 

A second method to plant sugar beets is to either drill or hand-plant all the rows 24 
inches apart, and to have the plants in the row 8 or 10 inches apart ; this will give 
30,000 beets to the acre. The cultivation of one acre of beets by hand-cultivator or 
shovel-hoe will take one man one-half day, and where this is preferred the distance 
between rows should be two fieet. 

As soon as the plants can be seen above ground, run the oultiyator or horse-hioe be- 
tween the rows. This first cultivation is necessary, not so much to destroy the weeds 
as to break up the crust on the surface, in order to enable the air to penetrate the soiL 
A light hoeing is fully as good as tibu^ running of a cultivator between the rowa Farm- 
ers will understand, the importance pf tl4s first early hoeing. , It will greatly increase 
the yield and will gain ten days' time in the maturity of the crop. 
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Carefal thinning out at the right time is the most important part ol the work. Mr. 
Charles B. Seavy, of Benton, who raised last year the heaviest crop of which we are in- 
formed, viz, at the rate of 49| tons to the acre, planted his rows 30 inches apart and 
thinned out so as to leave each heet 10 inches apart in the rows. The best time for 
thinning the beets is when most of the .roots have reached the size of a slate-pencil. 
If they have been planted by a drill in a continuous row the easiest way is to cut out 
the spaces with a sharp hoe. Stand with one foot on each side of the row and cut through 
the row from right to left, deep enough to make it sure that no beet cut will grow 
again. If the rows are over 18 Inches apart, or alternately 12 inches twice and 30 
inches once, as above suggested, the plants should be left from 8 to 10 inches apart in 
the row. Eetain the best and largest plant in each bunch, removing all the rest. 
Take hold of it with your left hand and press it downward, while you take the others 
in the right hand. Give the bunch in the right hand a twist, as if you were turning 
a screw, and pull them sideways and upwards. Do not pull them straight up, because 
by doing so you will so loosen the one you wish to remain that it will take many days 
"before it regains its strength. Be careful not to break off the leaves only, leaving the 
roots still in the ground, for these would grow again and cause double work. No two 
beets which grow close together ever amount to anything in weight. Therefore it is 
well, about a week after the thinning, to look over the field, and wherever two. are 
found together one must be taken out. 

The thinning can be done best after a rain, even if the land is too wet for any other 
work. It can be done by children as qoickly as by grown people. But it should he 
done thoroughly and not too late. After the beets are the size of one's finger they 
cannot be disturbed without great injury. The thinning should be done before haying 
begins. When the beets are thinned out and have fairly started the crop is almost 
secured, for soon the leaves will attain their full size, will cover the ground, and by 
their shade will prevent the weeds from growing. Until then the ground should be 
kept clean and loose. Beets should be hoed or cultiTated thoroughly more than once 
before thinning. No plant is more grateful for cultivation than the sugar beet, or 
yields a more bountiful harvest in return foF care bestowed. 

We can furnish Comstock^s seed drill for planting for $6.50, payable in cash or beets 
next fall. This drill can also be converted into a cultivator. Messrs. Cameron & Co., 
Preble street^ Portland, have got up a cultivator specially adapted to shallow cultiva- 
tion between the rows ; price, f 12. These cultivators clean three rows at a time. 
They are drawn by a single horse and will clean an acre of beets in a few hours. One 
of these cultivators would be sufficient for six farmers, who might club together and 
order one by paying (2 eaoh. Ordinary cultivators or shovel-plows for potatoes can 
be used. 

Norton's hand seed-sower (retail price $1.25) is a very ingenious and effective imple- 
ment. It will plant one acre in about three hours. It can be had of us or our agents 
by farmers who contract with us for $1, and it may be included with the seed in a note 
payable next fall in cash or beets. 

Stockbridge's celebrated ** Special Manure for Sugar Beets" or Bowker's "Hill and 
Drill Phosphate" we will supply to farmers, on receipt of the money with the order, 
at the rate of j|^ per bag, of 200 pounds, delivered at any railroad station in Maine. 
Where no barnyard manure is used, apply four bags of Stockbridge manure to the 
acre. Sow it In drill or furrow, ridged up before planting the seed. Where thiee to 
five cords of barnyard manure are used to the acre, apply two bags of Stockbridge 
manure to the acre, sown as above. 

Mr. W. W. Harris, of Cumberland, president of the Stateboard of agriculture, gives 
his experience in raising sugar beets as follows : 

I have raised beets every year for five years. I first rajsed'^the genuine sugar beets 
in 1878, to the extent of two acres. The soiris clay loam. In 1877 it was worn-out 
grass land, cutting only half a ton of hay to the acre. That spring (1877) I plowed it 
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and pnt in tnmips, nsing no manoie ezoept Stockbridge's special manure for turnips. 
I got a fair crop. In the spring of 1878 I underdrained the land and then plowed it 
once 9 inches deep with Frye's No. 3 steel plow. Then I harrowed it thoroughly with 
Share's harrow. I marked out my rows 30 inches apart and 2 inches deep with a Hght 
horso-hoe. I then strewed Stookbridge's special manure for sugar beets in the drills, 
at the rate of three bags ($5 per bag) to the acre. I then covei*ed the manure abont 1 
inch deep. I then ran my seed-drill over the fertilizer and used plenty of deed. This 
was late in May. My drill covered the seed about 1 inch deep. When the beets were 
about the size of a slate-pencil I thinned them out, leaving only one beet to each 8 
inches in the rows. This thinning out and first weeding was the only work I did by 
hand. I afterwards cultivated them with horse-cultivator twice only. My crop was 
22^ tons per acre. The only manure I have used on the land for the past two years has 
been the Stockbridge fertilizer. Upon land which was thoroughly manured last year 
a good crop of su gar beets can be raised with Stockbridge sugar-beet manure alone. 
I am going to plant 10 acres of sugar beets this year on contract with the Maine Beet 
Sugar Company. I shall use no other manure than the Stockbridge; it has the great 
advantage that it introduces no weeds. If barnyard manure alone is used, 8 or 10 
cords per acre will be needed. With early planting and good cultivation at least 20 
tons per acre should be an average crop of sugar beets in the State *of Maine. 

W. W. HARRIS, 
President Maine State Board of Agriculture, 

Every fanner who cultivates beets for the Maine Beet Sugar Company will 

^^ase send his address by mail on a postal card to The Maine Beet Sugar Company, 

Portland, Me. 

MAINE BEET SUGAR COMPANY. 

The instructions given in the circular were pretty generally followed, though in 
some cases the farmers followed the teachings of their own experience in growing 
other root crops. Thus crops were planted Mpon low bottoms that were not very well 
drained, and even where very peaty soil prevailed. Such conditions, of course, in- 
sured roots of large volume, which, accosding to the experience of European growers 
and sugar manufacturers, are not compatible with high yields in sugar in the faetoiy 
as compared with the number of tons worked. 

But these dilHcnlties will remedy themselves in time, and it remains to^be seen what 
will be the value of the crops produced under the varying conditions that may be 
found. This we shall endeavor to learn definitely by means of a circular of questions 
we have prepared for distribution among the farmers who have grown beets this year, 
and hope to be able to make public the information we shall doubtless obtain in a sub- 
sequent more detailed report. For the present we must content ourselves with the 
comparatively limited information we were able hurriedly to obtain in a short time 
before the time for harvesting the crop had arrived. The prospects for an excellent 
crop are very favorable, and hopes of success and profit from the enterprise, both to 
the farmers and the manufacturers, run high. It is believed by all concerned that the 
average quantity obtained per acre from this year's crop will reach 15 to 20 tons, of 
very excellent quality, though the latter has not yet been accurately determined. 
Should the expectations be realized, the extension of the culture next year will be 
rapid and sure. 

The seed purchased and distributed by the company consisted of seven-eighths ** Im- 
j>erial," obtained from Halle, in Germany, and one-eighth "Pink top," from the house 
of Vilmorin, Andrieux & Co., in Paris. Of these, the German seed seems to find greater 
favor among the growers, because it hasnot the property of growing out of the ground 
as much as the French variety. But the value of the two varieties for working in the 
factory remains to be determined. 

The methpds of culture adopted by the farmers may be briefly summed up as follows: 
.. The seed was sown in drills from 18 to 30 inches apart, according to the notion of 
the farmer^ and in ouantity varying firom 8 to 14 pounds per acre. The quantity of 
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seed to be used is a matter of considerable yariance of opinion among the farmers, and 
a very important number believe it to be quite as well to sow the smaller quantity, 
provided tue seed be of good quality. It is difficult, they say, to sow the larger quan- 
tity with the same regularity, though some farmers were met who considered it of 
advantage to pass the drill twice thrqpgh the same row, in order to secure uniformity 
iu the distribution, or at least to obviate the danger and difficulty of having bare spots 
in the field that must be filled up by transplanting, which is both tedious and unsatis- 
factory, or the space left must be lost. Hus method of sowing was said this year to 
leave the fields in which it was tried entirely free ttom the troublesome and not very 
sightly bare spots that so frequently prevail. 

The other recommendations in the circular appear to be very generally carried out. 
The thinning, which it is stated may be done with a hoe, was elFected in various 
ways, but many of the intelligent farmers argue in fiivor of thinning by hand. In this 
way they say it is possible to make a more careful selection, and leave only the largest 
and more vigorous roots, and also insure leaving only one root, whereas with a hoe 
two or more may be left in contact, a condition well known to have a deleterious in- 
fluence, not only upon the quantity of the crop,but on the quality as welL The roots 
were left at distances from each other, according as it was the desire of the farmer to 
produce large or small roots, varying from 6 to 10 inches, 9 inches being about the av- 
erage. The other methods of culture were carried out as directed in the circular. 

The notions concerning the use of fertilizers are as various as those upon other mat- 
ters. Stable manure is, of course, the favorite, and is applied at the rate of 5 to 8 
cords per acre, and, for this year's crop, in the spring ; but artificial fertilizers are also 
employed to some extent, Stockbridge's special fertilizer for sugar beets finding most 
favor, though Bradley's superphosphate is used to a very considerable extent. No spe- 
cial rule as to the quantity used and tbe mode of applying seems be followed. Two to 
three bags of 300 pounds are in most cases considered sufficient, sowed broadcast just 
before the final operations of preparation of the soil previous to planting. In a very 
few instances the artificial fertilizers were distributed in the rows in advance of sowing 
the seed, but, so far as we were able to learn, no appreciable difierence could be no- 
ticed in the crops from the several modes of distribution. 

More exact notions concerning the methods followed by the most intelligent and 
progressive farmers, and especially the cost of production and the probable profits to 
the farmers (which latter information it was our particular desire and object to obtain), 
may be gleaned from the following detailed results of interviews with Mr. W. W. Har- 
ris, president of the Maine State Agricultural Society, and residing at Portland, and 
from Mr. Hiram Hays, of Portsmouth, N. H. These gentlemen appear to have given 
the subject of the cultiire thoughtful attention, and their statements may be considered 
of great value. 

By Mr. HAitRis: * 

** Planted 9 acres on good upland with equal parts of Grerman and French seed at 
the rate of 15 pounds per acre. The land planted in beets was cropped last year as 
follows : grass, 2 acres ; turnips, 2 acres ; balance in com. The corn crop was ma- 
nured with Stockbridge's fertilizer for com, but no stable manure was applied either 
to the crops of the previous year or to the beet crop. For the latter, however, Stock- 
bridge's fertilizer for beets was distributed in drills at the rate of half a ton per acre, 
at a cost of $25, to be taken in the fall from the account for beets by the sugar com- 
pany, who supplied the fertilizer. 

" The land was plowed both in the fall and spring to a depth of 9 or 10 inches. In 
the fall plowing one man and team could plow 1^ acre per day, making the cost $2 per 
acre. The spring plowing was accompanied by subsoiling to a .depth of 8 inches be- 
low the bottom of the plow furrow. The two operations, or rather the double opera- 
tion of spring-plowing and subsoiling was done at a total cost of $4 per acre. 

* ' Preparatory to planting the land was thoroughly harrowed with a Shares and Ban- 

12SB 
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dall harrow, and marked out with a marker. Fertilizer was then distribated in the 
marks and lightly covered by means of a horse caltiyator, and the seed sown upon it 
with a hand drill. The cost of harrowing was |2 per acre, and that of marking, dis- 
tribnting the fertilizer, and planting, $1 per acre. 

'^ This year the roots were separated by a distance of 30 inches between the rows, and 
8 inches between the roots, but next year these distances will be decreased. The first 
weeding was done with a hoe of special form, turned up at each side and double- 
^ged, 80 that the laborer was able to utilize both the forward and backward stroke. 
This made the operation much more rapid and the work done more thorough, but by 
means of this implement it was impossible to remove the weeds that were in very dose 
proximity to the roots, and this was effected by hand, with very little labor and very 
small cost. The thinning was done with a hoe of similar construction but narrower, 
and this operation and the first weeding together cost l|3 per acre. All the subsequent 
work on the crop was done with a horse cultivator, which was employed three times. 
It was found that a man with a horse cultivator could go over 2 acres per day, making 
the cost of the work $1.50 per acre. The work on the crop continues about 3 weeks 
after the first weeding, during which the horse cultivator may be used three times, 
and after which the leaves cover the ground so completely tiiat the weeds do not 
grow, 

" The harvesting will be done in October, and the method of pulling will vary 
with the character of the ground; if it be mellow it will be done by hand, with no 
assistance, but if the ground be hard it must be loosened with the plow. The leaves 
are removed in the field by hand or with a knife, as the case may be. Boys are not 
strong enough to twist off the leaves as the men do, and must use a knife for the pur- 
pose. The roots will be stored in trenches until called for by the factory. The rail- 
road station being on the farm, no cost is estimi«ted for delivering. The price received 
for the crop is $5 per ton of 2,240 pounds. 

''I shall use pulp from factory for cattle food, at a cost delivered on farm of $1.50 per 
ton. 

'^The wages of farm laborers is f 13 per month, with board and washing, and f25 
per month or (1 per day without board and washing." 

Mr. Harris considers that if care be observed to keep the weeds down, the cost of 
culture of the sugar beet will not be more than 25 per cent, greater than that of com 
or potatoes, but the probabilities are that in most cases the cost will not be as high as 
this. The data concerning the cost of beet culture given by Mr. Harris may be summed 
up as follows : 

Seed, 15 pounds, at 20 cents $3 00 

Fertilizer 25 00 

Fall plowing 2 00 

Spring plowing 4 00 

Harrowing 2 00" 

Marking and planting 1 00 

First weeding and thinning 3 00 

Cultivator with horse (3 times) 4 50 

Total 44 50 

By Mr. Hays, of Portsmouth, N. H. ; 

*^ Planted 2 acres with French seed, pink top, but prefers the German seed, becanse 
the roots are generally larger, do not grow so much out of the ground, and will prob- 
ably give a larger yield per acre. He planted the 14 pounds of seed furnished by the 
company, but considers this quantity too much, and that 8 pounds per acre is amply 
sufficient, for more than this cannot readily be sown. 

** The son devoted to sugar beets this year is a sandy loam, on well-drained upland. 
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A moist, rather stiff,soil is probably preferable for beets, because they are not likely 
to suffer so quickly from dry weather. This year was rather dry, partienlarly in Au- 
gust, and the leayes withered so mtush during the day that they did not recover 
at night.. . . 

" The plot upon which the beets was planted was cropped last year in turnips. For 
the beets, well-rotted ham-yard. manure was applied in the spring, at the rate of 5 
cords per acre, and well plowed in. The field contained a great deal of witch grass, 
but this was completely killed by the three plowings given. In usual practice will 
plow but twice, first in the fall, leaving.it rough during the winter, without harrow^ 
ing, to be crossed in the springy followed by very thorough harrowing. In the appli- 
cation of stable manure, it will be preferable to put it on well rotted in the spring, im- 
mediately in advance of plowing. He uses besides this 400 pounds of Stockbridge's special 
beet-manure per .acre ; it costs $5 per bag, or (60 per ton. The artificial manure is 
sown broadcast and harrowed in. 

'^The first plowing was done this year at the last of April, and the second about a 
week later, both times to a depth of 7 inches, without subsoiling. It is questionable 
whether subsoiling pays. The cost of plowing is estimated at $2 per acre, and the 
harrowing at 50 cents to (I, according to the land. 

^* The seed was sown May 24 with Boss's horse com planter at an estimated cost of (1 
per acre, and the roots were separated by a distance of 18 inches between the rows, 
and 6 inches between the beets in the rows ; but considers this too close, and next 
year will plant 22 by 7 or 8. 

<' Hoeing the crop was commenced as soon as the beets were large enough to admit 
of it, and was done both by hand and the horse cultivator. By means of a hand cul-. 
tivator which was also used, a man was able to go over three times as much ground 
in a given time as he can with an ordinary hoe and do quite as good work. The horse 
cultivator was, however, used as much as possible. With an ordinary hoe a man can 
' cut ' half an acre per day, and with the hand cultivator 2 acres. The thinning out is the 
most expensive operation of all. While mechanical appliances might be employed, 
it pays better in the end to do the work by hand, because then choice can be made to 
remove the smaller and weaker specimens, and leave only the stronger ones, which 
-will make a great difference in the crop. The cost of thinning by hand may be esti- 
mated at about $7 per acre. 

'^ The crop of this year was hoed three times at a cost of (2 per acre for each time, and 
the work of cultivation was finished about July 1, when the leaves completely covered 
the ground. The crop will be harvested about October 1, or a httle later. In most 
cases it is better to pull by hand simply, but it is often worth the trouble to run a plow 
close to each row to loosen the ground and then puU. The topping is done by hand, 
hy taking the root in one hand and the leaves close to the root in the other and twist- 
ing them off. This method is not as clean an operation as topping with a knife, but it 
satisfies the manuflEbcturer and may be much more quickly done. A man can pull 
about ^ acre per day and can top about 3 tons in the same time. The cost of pulling 
will amount to about (4 per acre. In the section around Portsmouth contracts may 
he made for pulling and topping for 1^ cents per bushel of roots. 

** The average distance of the crops of the section from the railway station is 1^ 
miles. At this distance a man with a pair of horses can dehver 5 tons per day at a 
cost of 30 cents per ton or at a distance of 5 miles for 50 cents per ton. 

** Stable manure delivered on the farm is worth about (6 per cord, though it may be 
made for less than this, but it must be estimated at this cost in general culture. 

^'The pulp is sold at the factory at (I per ton and is delivered in Portsmouth at 
$1.50. It will cost 30 cents more to deliver it on the farm. He will this year stable 50 
head of beef cattle to feed upon equal parts of hay, refuse malt from brewery, and 
pulp, with some com, and will keep close account of weight of cattle per head, pur- 
chase price, daily rations, cost of attendance, amount of manure produced, ultimate 
weight of the cattle and selling price, and will report same to the department.'' 
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The account of ooai of onltiiKe to one aora uX Me. Haya^seslinuiAe may be aamined 
op as follows: 

Seed, 10poimdiat20oeiito •« |2 00 

Stable manure and applying ••• 16 00 

Artificial manure • •••• •••• ••••• «• • 10 SO 

Fint plowing ^ 2 60 

Second plowing ••••••.. • 1 50 

All harrowing.... ••.— .• •••...• GO 

Planting SO 

Fint hoeing and thinning •• 9 00 

Seeondhoeing ........••••••••.•••••••••• ..•••.. • 1 50 

Third hoeing 1 SO 

Harreeting 10 00 

Delivering li miles distant • •.•..•.••••••••.. 6 00 

61 00 

It will be seen that the methods of cnltnre followed by Uir. Hays are yery thoroogh, 
and the figares for the cost generous estimates, and deducting the estimated cost of 
harvesting and deliTering, these estimates agree so closely with those given by Mr. 
Harris that they may be accepted as about conect for the cost of sugar-beet culture 
in the Eastern States. 

Now the most natural question concerning this matter from the agricultural side is, 
"What will be the profits to the farmer from this new culture f The estimate may be 
made from Mr. Hays's crop. With the rows 18 inches apart, and the roots separated 6 
inches in the rows, there will be 31,680 beets per acre, and they will have an average 
weight of at least li iK>unds each, which would be equivalent to a yield of 21 tons 
per acre. The price for beets delivered at the station being $5 per ton, the money 
value of his crop will be (105 per acre ; and there will remain, after deducting expenses 
of culture, a net profit of $44 per acre, which would seem to settle very satisfactorily 
the question of the profits to the farmer, resulting from this new and valuable crop. 

But it remains for the harvest to determine how far these figures for the average 
quantity of the crops shall be confirmed, and this and other information we hope to 
be able to offer in a subsequent report. 
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WASHDraroir, D. C, 



Snt : I liare the honor to sabmit the following final report upon the condition of 
sugar beet cnltnre in New England, nnder the direction of the Maine Sugar Beet Com- 
pany of Portland, Maine. 

In order toseonre fall information concerning their operations directly from the farm- 
ers, the following oironlar letter with list of questions was distribnted to those whose 
names and addresses were famished by the board of directors of the company men- 
tioned. It will be observed that little or no information could be given by the farmers 
concerning preservation of the roots or feeding pnlps from the fiEUstory. In this con- 
nection the experience of last year has been entirely new. 

The following is a form and copy of the circular and questions-sent out : 

Ukited Statss Depabtment of Aobiculturb:, 

WoiUngton, D. a, October 1, 1879. 
Sib : Por the mutual benefit of those who have grown sugar beets during the season 
just closing, and those who may desire to undertake the culture of this valuable crop 
during the coming year, it is the desire of this department to secure the fullest possi- 
ble information wi^ relation to the crop of the present year, the methods of culture 
followed, their cost, and the results obtained, and to this end we respectfully and 
earnestly request that you will have the kindness to return as fall and complete re- 
plies to the following questions as lies within your power. BepUes may be entered in 
the blank column opposite the questions, and it is desirable that th^ be returned as 
soon as possible. 

Very respectfully, 

WM, G* LE DUC> 

Comm$9km0r. 

QUESTIONS. 

1. Kind of seed sown? 

2. Source of same? 

3. Quality sown per acre? . 

4. Location of field, upland or lowland? 

5. Is your soil sand, limestone, clay, slate, or loom f 

6. Is it well drained? 

7. Is the drainage natural or artificial f 

8. Area planted in sugar beets f 

9. Crop on same land previous year? 

10. Time of first plowing f 

11. Depth of same? 

12. Cost of same per acre f 

13. Time of second plowing? 

14. Depth of same? 

15. Cost of same? 

16. Was subsoil plowing employed! 

161 
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17. Depth of same f 

18. Kote other operstiaEDS of prepsEstiaii of the aoal, sooh as hanowing, rolliiigy Ae., 

andoostof aamef 

19. Flantiiigy d«te f 

20. Ifethodof; liy hand or drill f 

21. CoetofplAiitiiigr 

22. Diatanoe hetween the rowB f 

23. IMiitaiioe between the roots f 

24. Was stable mannie applied to the crop f 

25. When and in what quantity per acre f 

26. Was artificial numnre applied? 

27. When; how; whftt; how mnoh; cost f 

28. Time of first hoeing f 

29. Done by hand or horse cnltiYatorf 

90. If special implement employed, describe it f 

31. Cost of first hoeing r 

32. Areahoedby each laborer per day f 

33. Wagesof laborers by day or month f 

34. Time and cost of second hoeing f 

35. Date and cost of third hoeing f 

36. Date and cost of thinning! 

37. How was thinning done ; by hand, hoe, or special implement for the purpose f 

38. Time of harvesting f 

39. Mode of pnUing, by hand or with instrument f 

40. Surface pulled by each man per dayf 

41. Mode of removing leares or tops ; by hand or with knife f 

42. Quantity topped by each laborer per dayf 

43. Total cost ofhairesting per acre f 

44. Per ton of roots f 

45. Distance of crop from station, whar^ or fiiotoryf 

46. Cost of delivering f 

47. Price received per ton of beets f 

48. Are beets preserved in trmchesf 

49. How long f 

50. Cost of preparing trenches f 

51. Pulp, how obtained f 

52. Price of pulp at the factory f 

53. Cost delivered on farm f 

54. Estimated feeding value as compared with hay or com fodder f 

55. Mode of preserving! 

56. Cost of same? 

57. Mode of feeding? 

58. To what animals fedf 

59. Quantity per day per head? 

60. What percentage of sugar do your beets contain f 

61. What is their average size and yield per acre f 

62. Place of sugar beets in your rotation of crops f 
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Please fill out the blanks in the following table, showing the comparatlYe cost per 
acre of cnltnre of sagar beets, com, and potatoes: 



Operathmfl. 


BMtS. 


Conu 


Potatoes. 


First plowing 

HftTTOwlng ,,». ,^,,^r*-r-i Tf--, T T 








Second nlowins 




HftTTOwiPfif f»ii*i roMinir .....................r......... 




MArTrinflr «nd nlantini? .....x.,--r....,....x..x- 




Pirnti wMMlinir and thTnnintr .,,-,-,. -r«i--r.-r*-..,.^....x- 




lirst boeinflT or cultivatins.................. ...*..... 




Second hopmff or cnltivHtinir ».,,, ,,,r^,,,-r^. ,,,-»■,, ,^- 




Third hoAinff or cnltivAtinflr. . .-»^ .x.....x,.....r...... 




Pnllinir fl-nd topntpar, or harvAatinff ^ t__. 




Delivering atixlaoeof sale 












OfcliAr Aporations of CQltnn... .............. .......... 




Total oost of onltare 










■ 



^ame of grower. 



•; town, 



•{ oonnly. 



•; State, 



Of this circular over 1,300 copies were distributed to addresses furnished by the 
Maine Sugar Beet Company, and the number returned with replies worthy of being 
entered in our record did not exceed 200. The information thus received has been 
arranged in the following tables. The table A is intended for detailed record, and 
the table B is a condensation for more conyenient re&renoe and study of the principal 
oonditions of the culture and the resultB obtaioed* 
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The facts given in the above table are well worthy of consideration by those inter- 
ested in this important subject. It mnst be remembered that in many cases no care- 
ful record was kept by the farmer, and the figures given are taken from memory ; but 
they are important for the determination of the value of the culture in the section for 
which they are made, and we therefore feel justified in offering the following observa- 
tions concerning them. 

With very few exceptions the character of the soil as regards natural physical con- 
dition was, for the crops reported, favorable to a good yield* both as to quantity and 
quality, but there were, as may be seen by reference to the table, but few oases in 
which it received any preparation by plowing in the previous fall. 

It is true that here the prevailing crops in advance of the beets were plowed ones, 
which reduced the absolute necessity for fall plowing, and even for more than one 
plowing in spring, and we find that this was all that was given in a large number of 
cases. 

While the depth of plowing was not as great as is generally recommended by Euro- 
pean beet-growers, this may have been limited to a considerable extent by the thick- 
ness of the stratum of surface soil which long continued root culture would modify for 
good. Tet we find scarcely any mention of subsoil plowing, so well known to much 
more than repay the cost of its application, especially in the culture of root crops, 
that mnst take their nouriahment through the medium of long-tap roots, and should 
therefore find no obstacle to their development. The chemical character of the soil 
was in all cases greatly stimulated by the application of natural and artificial ma- 
nures ; but we see by comparison of the figures given in the table, and the results of 
French practices, showing the requirements of the average crop, that the quantities 
applied were extravagantly large, and were sufficient in many cases to have an in- 
jurious influence upon the crop. It appears that it would be of greater advantage to 
the grower to apply the stablie manure to a previous crop— say com or potatoes — and 
follow these crops by beets, with no application of stable manure, and with a limited 
application of artificial fertilizer consisting of-— 

Five parts superphosphate of lime. 

Two parts nitrate of soda (Chili saltpeter). 

One part muriate of potash* (kainit). 

Two parts land plaster. 

Of this mixture applied in the row at time of planting 300 pounds per acre would 
be sufficient for the demands of the crop, if it followed com, otherwise 500 pounds 
should be applied. 

Such a system of manuring would be quite as favorable to the beet crop, as to quan- 
tity, as that which appears to have been generally followed, and would be much bet- 
ter for the quality of the crop for sugar extraction. At the same time it would largely 
reduce the immediate cost of the beet crop and increase to a marked extent the value 
of the com or potato crop. The large cost of the culture of the sugar beet in Maine 
as shown in the last column of the table would thus be reduced in many oases more 
than one-half, and the probability is strong that if this system be combined with other 
changes in the system followed last year, that we shall mention further on, the quan- 
tity of the crop would be even greater. If, however, it be the desire of the grower 
to make an application of stable manure, it should be done in the fall, and the ma- 
nure should in all cases be thoroughly well rotted, and should be well plowed in. The 
quantity applied should not exceed five or six cords. 

Now as to planting and culture. The quantity of seed recommended and offered 
by the company was 14 pounds per acre, but we find that a large proportion of the 
growers made use of a much smaller quantity than this ; many times less than one 
half, and while such practice was not always followed by unfortunate results, it may 
be said that it must be attended with great care on the part of the planter to avoid 
the existence of bare spots in the field. It is much better to be called upon to remove 

* Or of sulphate of potash. 
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extra plants than to replace wanting ones by transplanting, and while in oareM 
hands no bad results will follow the nse of the smaller quantity of seed yet it is more 
probable that the larger quantity recommended will give in all hands far better results. 
The distances between the rows and roots adopted may in general be subject to 
improvement. The most successful culture in Europe has proven that with horse cult- 
ure the distance between the rows may be with advantage reduced to 18 inches, and 
in many cases 14 inches has been the distance adopted. The distance between the 
roots in the rows has also been reduced to about 7 inches. 

This increases the number of roots per acre to nearly double that which can be 
obtained with the separatioo indicated in the tables here giyen, and improves the 
quality of the root for sugar production. * 

While the weight of each root will be smaller in such cases,* the ultimate quantity 
of the crop grown has in France been found to be from 50 to 100 per cent, greater 
than that obtained by wider separation of the roots. 

We may therefore confidently assert that if the separation of the roots in the crops 
of 1879 in Maine had been reduced to 18 by 7 inches, the profit from the crop would 
have been materially increased. 

That the failure of some of the crops must be referred entirely to the conditions of 
soil and culture, and not to the existing meteorological conditions is shown by the 
very favorable indications concerning the latter given in the following statement 
witli which we have been &vored by the Chief Signal Officer of the United States 
Anoy. 

Statement showing the mean temperature, relative humidity y amount of precipitation, and 
number of rainy days for each month of the year 1879 at Portland, Me., Eaatport, Me., 
Burlington, Vt,, and Boston, Mass,, as recorded at the stations of observation of the Signal 
Service, United States Army, at those places, 

[Compiled from the records on file at the Office of the Chief Signal Officer, United States Army, Wash- 

ington, D. C] 



■f- 



Vionths. 



Portland, ICe. 



i 



1879. 

Jannary , 

Pebruary — ... 

March 

April 

May 

Jane 

July ■ 

Aagiist 

September 

October 

November 

December 



a 

I 



Degrees. 
24.2 
24.0 
34.0 
42.6 
67.7 
61.8 

eao 

63.9 
59.9 
55.6 
38.5 
29.2 



I 



^ 



Percent 
75.0 
72.6 
73.4 
63.0 
66.4 
73.8 
70.3 
70.2 
76.3 
64.2 
70.7 
68.0 



t 






4 



•3 



Inches. 
2.30 
8.80 
4.42 
3.68 
.88 
6.61 
8.80 
8.73 
2.67 
1.43 
4.90 
8.39 






18 
17 
19 
14 
11 
16 
16 
9 
8 
10 
17 
19 



Xastport,Me. 



I 
s 



Degrees, 
19.3 
21.6 
29.9 
37.5 
47.2 
53.2 
60.2 
59.4 
55.1 
49.2 
34.9 
23.9 



I 






Percent 
74.9 
75.7 
76.5 
68.6 
76.2 
77.3 
76.1 
77.5 
81.2 
69.1 
75.3 
76.7 



^ 2 



4 



Inches. 
1.65 
3.30 
3.77 
3.95 
8.18 
3.42 
5.57 
8.66 
8.42 
8.28 
4.52 
8.67 



16 
14 
21 
15 
14 
17 
36 
12 
16 
10 
16 
16 



* This wonld admit of 49,760 roots per acre, or with an average of 1 ponnd for each 
root, a yield of abont 22 tons. 
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Statememt thawing ike wiean iemperahmy ^e. — Contizuied. 



Konths. 



187d. 

tlaniiary 

Febmary 

March 

April 

May 

June 

July 

Aus^Qst 

September /... 

October 

Novembeir 

December *. 



Burlington, Yl 



Degrees. 
16.6 
16.2 
2a4 
89.7 
61.1 
62.8 
70.3 
67.0 
59.1 
54.7 
35.0 
23.6 



^ 

^ 



^ 



Percent 
73.1 
72.1 
69.0 
57.9 
52.9 
68.0 
63.3 
69.3 
66.9 
64.7 
73.7 
74.6 



i 






Inehet, 

.78 

LU 

L45 

.97 

.38 

4.52 

2.71 

2.39 

2.82 

L36 

3.56 

2.22 



© S.' 



|Z5 



17 
17 
17 
15 
8 
17 
19 
11 
16 
11 
24 
26 



BoftoD, 






jjvgree** 
24.5 
24.5 
33.8 
42.4 
59.4 
64.2 
69.9 
67.7 
60.8 
56.6 
39.2 
32.6 



^ 

^ 



^ 



PereenL 
62.6 
66.1 
73.7 
61.1 
6L8 
70.1 
69.2 
73.1 
73.2 
64.7 
7L5 
68.3 






A 



InehM, 

2.79 
4.35 
3.90 
6.54 
.97 
6.24 

ao9 

6w71 
1.84 
.91 
2.97 
5.36 



I 



16 
16 
16 
16 
13 
20 
13 
12 
13 
8 
17 
20 






SOBEBT CBAia, 

War DsPABnaDiT, Ovficb of Chief Siokal Offices, 

ITaahingUm^ D, a. Febrtuury 2, 1880. 

We see here that the meteoTological conditions in New England during the past year 
have been eminently favorable to beet-root culture either as regards temperature, the 
number of rainy days, or the amount of precipitation or rainfall. 

Some complaints have been expressed in the replies to our circulars concerning the 
effect of dry weather during the latter part of August, but the above table shows that 
this was not suf&cient to produce any marked reduction in the quantity of the crop. 
And an examination of the records of the averages of meteorological conditions made 
up from those of a series of years show, that for New England they compare more 
closely with those of the beet-growing districts of Europe than for any other section 
of the United States. 

So far as the initial conditions of the culture are concerned, therefore, that is, the 
physical character oT the soil and climatic conditions, two great factors upon which 
success in the work depends, the farmers of New England have little to contend 
against. The depth of the surface soil may not be as great as that required by the 
crop, but this will be improved each year that the culture is followed, not only to the 
advantage of the beet crop but to other crops as well. In fact, here as elsewhere, the 
improvement of this culture will react to the advantage of all other cultures accotn- 
panying it. 

We would also call attention to the estimates of cost of the different operations of 
culture. In the majority of cases the cost of plowing is estimated at over $4 per acre, 
and in many cases it is even placed at $8 and above. And these are the figures given 
for the first and second plowing of sandy soil or a sandy loam in the spring following 
a plowed crop. They therefore appear entirely too high. Good authorities on the suh- 
ject in New England and in other parts of the United States place the cost of tMs 
c^eration below $3, and this might be considered a high average for all soils ; and in- 
many sections this is the average contract price for such work. 

Again we find a large number of estimates for cost of planting placed at $4, f5, and 
$6. Others are placed at from 75 cents to $2 per acre. Is it not more probable that 
the latter, all things considered, are nearest the actual cost of the work't Mr. Harris, 
president of the Maine State Board of Agriculture, estimates cost of marking and plan^ 
ing at |1 per acre ; and Mr. Hays, of Portsmouth, N. H., places cost of planting at 50 

*mts per acre. These gentlemen manage extensive farms ; they keep close accounts of 
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expenditures and are therefore in position to Jadge of this and other items of cost in 
the coltnre. If the estimates found in the replies to onr circulars, for the cost of other 
operations inTolved in the cnltnre are made npon the same basis, in the cases where 
they are very high, such as $7 to $10 per acre for hoeing, for instance, it is easy to be 
seen how, eren with the heayy applications of manure that have been made, the fig- 
ures of the estimates given in the last column of our table may frequently be reduced 
to such an extent as to show a handsome balance of profit to the farmer. 

Again, the estimates for the actual value of the stable manure will seem, in very 
many cases, to be abnormal. It is true that if it be necessary to purchase it from the 
stables of the town or village, the prices given, (5 and (6 per cord, are what must be 
paid. But it can scarcely be reasonably asserted that it will cost anything like this 
figure to produce it on the farm, and even half the amount named might be considered 
■ufficiently high. 

With the criticisms we have made upon the methods of culture followed, as indi-' 
oated in ihe replies to the questions of our circular, we leave it to the readers of this 
report to make their own estimates of the cost of the various operations involved, and 
we venture the assertion that in almost every case in which an estimate is based upon 
the suggestions we have given and the system of manuring we have recommended, 
the total cost will fall below the amounts of value of crop of the pai^t year as given 
in our table; and, where there is any exception to this fact, the cause thereof may 
generally be traced to some preventable deficiency in the quality of the soil or its 
preparation, the quantity of see^ sown, or the operations of culture. 

Another valuable item of profit to be set opposite the account of cost of the various 
operations of culture is to be found in the favorable condition in which these opera- 
tions by their thoroughness leave the soil for subsequent crops. It must also be ob- 
served that an average crop of sugar beets, say 15 tons per acre, will provide for the 
grower a quantity of pulp, resulting from the extraction of sugar, equivalent in feed- 
ing value to something over one ton of good meadow hay, which is about the quantity 
of the average hay crop in New England. 

It will therefore appear that, notwithstanding the many unfortunate results of the 
past year's experience as to expense, the prospects for the future are by no means dis- 
couraging. At the bottom of Table A we have brought together the figures showing 
the comparative cost of culture of beets, com, and potatoes. In some cases the figures 
for cost of beets are higher than was reported by the grower, because the latter evi- 
dently omitted to include the cost of the stable manure applied, and this was added in 
making up our estimates.* It is a question whether something should not be added 
to the cost of culture of the other crops also on this account. Tet where we take the 
figures given, that is for the cost of simple cultural operations, it appears that the- 
same complaint can be advanced against other crops as against the beet crop, for in 
the large majority of cases the margin for profit is small for all the crops, the princi- 
pal advantage being in favor of potatoes first and then beets. But it remains to be 
■een whether in coming years, with improved methods of culture, this order of things 
ifill not be subject to change. 

There is still another consideration to which we would call the attention of the 
farmers of Maine on account of the many statements we have received to the effect 
that they could better afford to feed their roots to cattle than to sell them to the sugar 
oompany at $5 per ton. It is a fEust proven by an infinite number of analyses that the 
pulps firom the factory are really of almost as great value for feeding as the roots them- 
selves, and the latter can be purchased from the factory at Portland at the compara- 
tively low rate of |1 per ton. How much better, therefore, to make the exchange with 
» clear profit. For the information of the farmers who have been the authors of the 

* Where the farmer footed up the estimates himself, leaving cost of stable manure 
out of account, his figures were accepted and entered into this column ; otherwise, the 
cost of stable manure was included at a valuation of $3 or $5 per cord, according to the 
value most frequently given for the locality. 
18 SB 
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complaiDts, we haye collected below a statement ahowing the comparative compositioii 
of the different prodnots. 



• 


Per cent, dry matter in 
raw sabstance. 


Percentage 


) composition of dry matter. 




Nitrogenons mat- 
ters. 


1 


Non-nitrogen n s 
extractive mat- 
ters. 


Non-nitrogen o n s 
and fatty mat- 
ters. 


1 


■ 

1 


Sararbeet 


17.75 

7.14 

1L02 

2&28 


5.52 
8.28 
&13 
6.70 


.56 
L12 
LOO 
1.48 


81.54 
56.05 
6L42 
6L11 


82.10 
57.17 
6L42 
62.59 


7.54 
24.02 
ia54 
19.79 


484 


DimuionDoln (ftesli) - 


ia86 


IHffnsion nnln. dtmsmmI. ..-.,r.....x. ,.,,.... 


ia9i 


Pnlnfrom Dresses *.............. 


laM 







Couceming the saccharine value of each crop, which would have been of great value 
for comparison with the yield and the other operations of culture, etc., it was impos- 
sible to get complete information. The fEirmers had no means for its determination, 
and really little interest in it, and the sugar company made only a limited number of 
tests. In fact, a greater number than they made would have been impracticable, on 
account of the manner in which the roots were received at the works. The average 
value of this year's crop is given in the following statement received from the com- 
pany : 

** You ask for information as to the percentage of sugar in each particular lot of beets 
raised for this company. No such analysis has been or could be made. We have re- 
ceived beets from 1,500 farmers delivered at 147 railroad stations as well as at our 
works here in Portland by wagons and vessels. These crops aggregated 9,000 torn. 
We made, perhaps, 100 polarizations during our working season of 75 days, but not 
with reference to any special crop or locality. The average yield was 10 per cent, of 
iillmasse, or to speak more accurately, 9| per cent, of ftUlmasse (masse-cnite). The 
beets polarized from 9 to 13 per cent, according to size, quality, etc. We distributed 
two kinds of seed:* the G^erman Imperial seed bought from Ferdinand Enauer, of 
Grobers, Prussia, and the Collet rose or red top, bought of Vilmorin & Co., of Paris, 
France. The German or white variety was richer in sugar by 1 per cent, than the 
Trench or red variety; but the French variety gave somewhat larger crops.'' 

Bespectfully submitted, 

WM. MoMUBTBIE. 

jBon. Wm. G. Lb Due, 

CommiaHoner ofAffrUmlture, 




APPENDIX E. '^\\ / 

POINTS FOE CONSIDERATION WITH REGARD TO THE INTRODUOTION ofc: 
THE SUGAR-BEET AND THE MANUFACTURE OF BEET-SUGAR IN lEHJl -' 
NORTHWEST AS COMPARED WITH THE BEET-SUGAR PRODUCING 
COUNTRIES OF EUROPE. 

By J. D. Frbdericksbn. 

1. Cliinate, — In Enrope the northern part of the jbemperate zone affords the most 
favorable conditions for the growth of the sngar-beet and the development of a pnre 
joice from which the sugar is easily extracted. The northern part of Germany, Prus- 
sian Saxony, Brunswick, and Hanover ; Denmark and the southern and middle sections 
of Sweden ; Belgium, Holland, the northern departments of France ; Bohemia and a 
section in the middle of Russia, all produce beets from which sugar can profitably be 
li' anufactured. Sections with complete inland climate seem to produce richer sugar- 
beets than those with coast climate. In northern Germany and certain parts of Rus- 
sia and Sweden the beet is generally richer in sugar than in France, Belgium, Hol- 
land, or Denmark, the latter countries being more exposed to the sea. In England, 
where the climate is moist and temperate all the year round, the beets grow bulky 
but poor in sugar, and there the beet-sugar industry has proved a complete failure. 

As to Denmark the climate is not so favorable to the development of sugar in the 
beets as it might be. The spring is rather dry, so that it is hard to get tiie plants 
started, and the fall is so wet that there is a danger for the beets to set flesh at the 
expense of the quality of the juice. For the same reason the harvest is difficult. StiU 
the industry is flourishing, so that the climate may not be caUed bad. 

The following table shows the average temperature and rainfall at Copenhagen, in 
Denmark, and in Minnesota: 






Mhmesota. 


Denmark. 


Month A. 


Ttrniperatare. 


Sain. 


Temperature 
(82 years). 


Bain 
(44 years). 




Fahr. 
15.85 
14.40 
23.66 
37.52 
62.24 
6&70 
74.72 
70.54 
60.95 
49.36 
28.72 
18.81 


Inehea. 

.49 
1.07 
2.24 

.96 
1.65 
11.67 
1.94 
3.90 
5.76 
3.21 
1.90 

.72 


Fahr. 
29.84 
30.92 
83.80 
42.08 
5L62 
59.90 
63.14 
62.24 
56.12 
47.84 
.38.84 
33.80 


Inehea. 
1.74 


Febmaiy ^ 

March.:. 7. 


1.52 
1.56 


April 


1.46 


■May 


L49 


Jpne T-.rr..... X. ,... 


2.12 


July 


2.30 


Angnfft ..T X, ...^ 


2.48 


Sepiember 


2.18 


October 


2.17 


ITovember - .-- .' ... 


2.04 


^December 


1.69 






Total 


43.62 


35.50 


45.84 


22.75 







Comparing these figures, it would suggest itself that the excessive rainfall in Min- 
nesota in June might favor the development of the young beets, but at the same time 
make it very troublesome to perform the work of harrowing and hoeing to keep the 
land clean from weeds. The months of August, September, and October also seem 
rather moist, making it possible that too much inorganic matter may enter the juice 
at the time when the beets get ripe. Still, when faUing in heavy showers at long 
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interyaLs, as it probably does in Minnesota, the rain is neither likely to inflnence the 
beets nor to bother the harvest in the same way as when coming down gradually at 
short intervals. More water will evaporate from the soil, and therefore more rain is 
needed in Minnesota than in Denmark on account of the higher temperature of the 
former. According to another accoont the fall of rain in Minnesota is as follows : 



Seasons. 


Minneapolis. 


Dolnth. 


Breckiniidge. 


Pembina. 


NewUlm. 








Winter 


8.105 

7.960 

16.304 

5.108 


2.160 

6.480 

20.850 

8.060 


4.980 

6.250 

14.150 

3.580 


2.750 
2.450 
7.250 
6.910 


2.260 


SDrine - 


6.300 


^yM.M.uf^ ...................... 

nnmnK^r . ....t.^.t.t 


7.030 


Fall 


9.280 








32.456 


37.656 


28.960 


19.360 


24.860 







With such extraordinary differences within the same State it would seem likely that 
some sections, at least, may be favored with the proper climate for a successful culti- 
vation of the sugar-beet. The temperature of the summer does not seem excessively 
high, for even far south on the continent of Europe the beet is grown successfally, 
and just in those of the above sections where the beets are richest in sugar the sum- 
mer heat is comparatively high. 

2, Sail, — ^The proper soil for the sugar-beet is neither too heavy (clayish), nor too 
light (sand), nor containing too much organic matter. A well cultivated, rich, and 
deep soil, that would produce a good crop of barley for malt is well adapted for the 
sugar-beet. New and rich land, that in a crop of cereals would develop the straw at 
the expense of the seed, would make a bulky crop of beets, but they would be poor in 
sugar and rich in non-sugar, detrimental to the extraction of the former from the juice. 
Land of old cultivation, made rich by continued plowing and manuring, is better than 
newly broken land. Therefore, without knowing from personal experience, one would 
imagine the soil of niinois to be better adapted to the sugar-beet than that of Minne- 
sota. The land should be well drained, either by nature or by pipes laid deep in the 
ground, allowing no water to remain on the surface at any time. 

The limits for the physical condition of the soil are, however, very wide, for we have 
grown rich sugar-beets on comparatively heavy and on comparatively light soil, the 
former being made porous by deep drainage and intense stirring with steam-plow and 
cultivator. But, whether heavy or light, only land in a state of high cultivation 
could produce beets rich in sugar. 

3. Lobar, — One of the worst drawbacks to the successful introduction of the sugar- 
beet in the Northwest would seem to be the labor question. Even with the advantage 
of the best implements to stir the land, thin and c^an the ridges, and gather the crop, 
the hand-labor needed to grow sugar-beets is considerable. Wages being about three 
times as high in the Northwest as in Denmark, this would increase the expenses at a 
great rate. Supposing one hand to be needed for three acres of land for four months, 
about 30 days' work would be necessary to cultivate one acre. Supposing one acre to 
yield 15 tons of beets or 2,400 pounds of sugar (8 per cent.), 30 days' work, at $1.50 a 
day, would make $45 an acre, or |3 per ton of beets, or 18f cents per hundredweight of 
sugar, while in Denmark, at 50 cents a day, the labor would only amount to one-third 
of these expenses. And supposing the product could bear such expenses, would it be 
possible to gather a sufficient number of hands so as to grow 1,500 acres of beets within 
the limit for the area of one sugar factory f For it is a deplorable fact that, at the 
present development of the industry, sugar cannot be manufetctured from beets on a 
small scale, but must be produced in large establishments which require the raw ma- 
terial from a large number of acres. And, on account of the bulky quality of the 
beets, they cannot bear long transportation, and must therefore be grown within a 
certain comparatively narrow distance from the factory. Again, during the manufac- 

ring season, which only lasts about four or five months, the factory would eg^ploy a 
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number of hands who, after all of the beets have been disposed of, would have to look 
for employment elsewhere. While at the time between the clearing of the beet land 
and the harvesting of the beets the regular harvest of the cereals might give employ- 
ment to the beet hands, would the forests of Minnesota or other industry dispose of 
the laboring hands during winter and early spring, until the beet field again might 
need them T Sugar beets should not be attended to only when the other work of the 
farm is done and there is nothing else to do ; but should be worked when they need 
working. Without independent labor at the proper time, their cultivation always 
proves a failure. So also should the manufacture of sugar begin when the beets are 
ripe and contain most sugar, and it should be continued energetically as long as any 
beets are left, in order to dispose of the whole crop before too much sugar is lost, for 
every day after the beets are ripe they grow poorer in sugar. Therefore laboring hands 
must be at disposal at any time when they are wanted, independent of other work 
that might need them. 

In the factory, the high rate of labor in the Northwest would add considerably to 
the expenses ; while in the beet field where, in Denmark, female hands are employed 
in a great measure, the labor would probably be three times higher in Minnesota than 
in the old country, the manufacturing-labor expenses would, no doubt, be twice as high 
in Minnesota as ia Denmark. In the latter country the labor expenses in the factory 
amount to Jl.15 per ton of beets or about .72 cent per pound of sugar. 

4. Other expenses.— QmtQ different is the case with regard to other expenses than 
laboring. The cheapness of the land in the Northwest as compared ^th rich land in 
the old country will, no doubt, do much towards reducing the expenses of the grow- 
ing of beets in Minnesota. In Denmark the rent for rich land amounts to $7 to $8 
on acre. In Germany as much as $16 per acre is paid yearly for a rentage lasting ten 
or twenty years. In the Northwest, improved land could probably be had for less than 
half the rent in Denmark. 

In the factory coal plays a prominent part among the expenses other than labor. In 
Denmark this item amounts to $1.20 per ton of beets or .75 cent per pound of sugar — 
the price for coal being |6 per ton. This price being reduced to (2 per ton, the expense 
for fuel would be 40 cents per ton of beets or .25 cent per pound of sugar only. 

5. Duty, — In the old country the duty paid to the government by the manufacturers 
makes a heavy reduction of the profit realized by the production. In Germany the 
duty is laid on the beets, being raised gradually from 1836, when it was only i silver 
groschen per hundredweight (11 cents per ton) of beets, to the present time, when it 
amounts to 9 silver groschen per 100 pounds ($4 per ton). This is, in a great measure, 
the reason why in Germany the manufacture of beet sugar is developed to such ad- 
mirable perfection as is the case. The more sugar that could be gained from the beets, 
the less the duty drew on the profit of the manufacturer, for the duty on 1 ton of beets 
remained the same whether 6 or 10 per cent, of sugar were extracted. All the efforts of 
the farmer and the manufacturer had the aim to produce much sugar from a certain 
weight of beets, not to produce much sugar from an acre of land. Therefore the 
quantitative yield of beets was neglected, while beets were produced which yielded 
as much as 10 per cent, of sugar. 

In Sweden the same system is adopted. In Belgium and partly in Holland the duty 
is calculated on the basis of the quantity and richness of the juice extracted from the 
beets. In France and in Denmark the duty is laid on the sugar produced. For this 
reason it is in these countries the aim of the producer to get the largest yield of sugar 
from an acre, only provided that it can be profitably extracted. Therefore the yield 
of beets is larger, but their contents of sugar less than in Germany. In Denmark the 
duty is equal to that on imported sugar, amounting to 2.16 cents per pound of raw 
sugar (t)elov^ No. 18 Dutch standard) or about $3.45 per ton of beets. The duty in this 
country being about 3.5 cents for average raw sugar, this item would amount to |5.60 
per ton of beets in favor of the manufacturer, provided 8 per cent, of raw sugar can be 
extracted (besides the molasses). 
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Summing up these items, the following flgares are anived at in favor or in disfavor 
of the sugar industry in Minnesota, as compared with Denmark, provided 8 per cent. 
of sugar is realized in both countries : 





Extn expenses in liinne- 
sota. 


Sayings in Minnesota. 




Per ton of 
beets. 


Perponndof 
sugar. 


Per ton of 
beets. 


Perpoondof 
sugar. 


Tiftborin fleM 


$2 00 
1 16 


$0 0126 
72 






T^bnr in faotorv -. 






Rent 


$0 23 

80 

680 


$0 0014 


Fuel 






50 


Duty 






350 


^^"•7 -••"••••••"•••""•"••-•-•••••"•••■•"•••■• 










8 16 


197 


863 


414 



Deducting the extra expenses firom the savings, we arrive at the following real sav- 
ings in favor of Minnesota : 

Pertonofbeets $3 48 

Per pound of sugar 2.17 

But the whole calculation depends upon the question, can beets be grown in Min- 
nesota which will yield 8 per cent, of sugar f The most careftil study of tables of 
rainfall and temperature, and of analysis of the soil, cannot decide the question. 
The only way is to try. Seed of rich sugar beets should be distributed to intelligent 
fiEkrmers throughout the Northwest, accompanied by directions how to grow beets. 
The farmers who undertake to carefully make the experiments should be requested 
to return an average sample of the crop, describing the soil in which the beets are 
grown, and the treatment of it; the fruits which the land bore in previous years; 
the manure, if any, that was used ; the time at which the manure and the seed were 
sown, and at which the thinning out, the harrowings and hoeings, and the harvest 
were performed; the yield per acre, &^, The samples should be analyzed, not only 
for sugar (and especially that kind of sugar which would turn the polarized light to 
the right, and which would crystallize), but also for organic and inorganic nonnsugar. 
Such a material for one year would already afford valuable suggestions, and, carried 
on for several years, such experiments would justify a decided opinion about the pro- 
priety of the introduction of the industry. To start a large and expensive factory 
without such foundation would be to run a great risk, and to establish small and 
cheap factories would always prove a failure. 

As to the plan for establishing sugar factories, several systems prevail in Surope. 
One is the cooperative, very much like the system of cheese factories and creameries 
in certain sections of this country. The farmers in a section intending to establish a 
sugar factory form a joint stock company, and are bound to deliver to the factory the 
beet crop of a certain number of acres for each share in their possession (in Bruns- 
wick generally 8 acres for each share of $100). 

For the last ten years the sugar factories have become very expensive, being profit- 
able only when very large and when furnished with the latest inventions. Therefore, 
the farmers could not afford to build their own factories if it were not for large stock 
companies which imdertake to build and furnish factories for the farmers, leaving 
the greater part of the cost at low interest to be paid off gradually, against mortgage 
in the buildings. This plan does not work well in a country where the industry i^ 
new, and, though it is no doubt best of all, it cannot be introduced until the beet- 
sugar industry has proved an unquestionable success, and is known to the people ae 
a safe thing to invest in. 

Another plan is for a stock company to establish a factory, buying the beets froa 

"^ femners, and return the refuse (pulp) to be consumed on the land, so as not tc 
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exhanst the latter. It is, however, not an easy task to induce the farmers at once to 
grow an area with beets large enough to furnish a factory with sufficient raw mate- 
rial of good quality for a successful starting. It takes time and experience to learn 
how to grow ilch sugar beets ; the best way to learn it is to get direct interest in the 
profit. Therefore such concerns who build factories, intending to buy the beets in a 
section where the industry is not preyiously known, are generally forced to grow a 
large portion of the beetb themselves, by establishing some kind of bonanza farms, or 
by renting suitable land for the purpose, Tetuxning it to the farmers after the crop 
has been gathered. In fact, this is the only way to secure within reasonable time 
enough of good raw material, until, by and by, the farmers are educated for the task. 

In Denmark the beet-sugar industry was introduced in 1873, when it had been 
ascertained by experiments during several years that sufficiently rich sugar beets 
could be grown. Two factories were started, one by an old concern that previously 
commanded the whole sugar refining business of the coulitry, the other by a new 
stock company prominently made up of landed proprietors. The former company 
built a large factory in a fertile section occupied by intelligent fjEmners, who, it was 
thought, should furnish the beets. The factory was capable of working up 12,500 tons 
of beets a year. The first year only 2,500 tons of poor beets were received, and the 
second year proved but little better. Then the managers were convinced of the neces- 
sity of adding farming to their business, and bought a form of 300 acres, to manage 
which an expert was engaged. Another year more land was added to the farm, and 
suitable fields were rented for one year and grown with beets by the manufacturers. 
On these lands rich sugar beets were grown. In the mean time the farmers learned 
how to grow the beets, and the quantity received at the factory increased yearly, until 
now sufficient raw material is fiimished so as to run the factory profitably. Large 
amounts of money were lost during the first five years. The business seemed con- 
demned 4)0 failure, but the managers succeeded in keeping it going until the balance 
tamed, and now the factory is flourishing. 

The other company went at once to work and rented for twenty years three large 
farms, of 2,000 acres of land in all, every acre of which was in a state of high cultiva- 
tion and well drained. This land was divided into four fields and sown successively 
with wheat, beets, barley, and clover ; so that every fourth year beets were grown on 
the same land. Steam-plows and first class machinery were introduced. The factory 
was built so as to work up 7,500 to 10,000 tons of beets a year. Besides those grown 
on the 500 acres of the company, more beets were grown by the company on land 
rented yearly and being returned to the farmers after use, and as many as possible 
were bought. In this way the company succeeded in gathering 6,002 tons of toler- 
ably rich beets the very first year, sufficient to make a rather successful start. The 
factory being built at a time when all materials were as expensive as ever ; the price 
of sugar falling about 30 per cent. ; hard competition being brought to bear from the 
sugar refiners; an excessive duty even higher than that on imported sugar* being at 
once enforced as soon as the manufacture was started ; and finally entering the time 
of universal financial depression, commanding insufficient capital, the company could, 
however, not carry the work through, and failed in 1876. A new company took the 
matter in hand, and carrying on the business on the same principle as it was hitherto 
managed, have succeded in making it pay well. 

Having passed through extraordinary difficulties, the beet-sugar industry in Den- 
mark is now successfcQ. But though a handsome profit is realized by the manufactur- 
ers, it is nothing compared with the indirect profit which is the result of the improve- 
ment of the land where beets have been grown. The influence on the land of the deep 
and thorough cultivation, and the use of fertilizers, which go hand in hand with the 

* The duty at once laid on the Tnannfactnre of beet sugar in Denmark was a few yean later acknowt 
edged by the goyermnent to be higher than that on imported sugar, and was reduced accordingly. In 
no other country in the world has this industry suffered an immediate imposure of duty, time being 
everyv^here else allowed for the industry to develop and acquire stabilily. 
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growth of the sugar beet, of the beet itself by opening and manuring the soil, and of 
the stable mannre which is produced by this system, is simply wonderfdL All other 
crops are increased and their qnaJity improved. On snch land as would preyioualy 
produce only common barley, a highly praised malting grain is now raised, which 
brings far better price than the old product. Those farmers who at first looked sus- 
piciously on the new industry are now quite enthusiafitio in fayor of it, and seTeral 
factories are about to be built this year. 



APPENDIX F. 

THE PHYSIOLOGICAL FUNCTIONS OF THE NITRATES AND PHOSPHATES 

IN THE SUGAR-BEET. 

The following remarks made by Herr Strolimer, at a la^ meeting of the Anstro- 
Hongarian Association of Sagar Manufactaiers, constitnte so snccinct a resume of 
the present knowledge of the position and vaJne of the phosphates and nitrates of the 
alkalies in their relation to the physiological functions of the sugar-beet, that we 
consider it of value to transcribe them here in full : 

Among the conditions of the growth of the sugar-beet, nutrition occupies the high- 
est rank. Numerous tests of manures have been made to resolve this question, but in 
spite of the trouble and care bestowed, it has been impossible to deduce &om them a 
general rule. From these experiments I may cite those made by Gilbert in later days, 
showing that by the mineral manures alone or with slight doses of nitrogen constant 
crops may be obtained, and that the mode of action of nitrogenous manures is rather 
indirect than direct, and consists in rendering the assimilation of other nutritive ma- 
terials more ready. In general we may say that tests of manures possess a purely 
local value ; for one and the same place this may, however, render great service and 
be of the greatest importance. 

The classical work of Hanaman on the soil of the neighborhood of Lobositz gives 
proof of this. But the real question can o^ly be determined by cultural experiments, 
and the true significance of the results deduced by a knowledge of the laws of nutri- 
tion. These laws can be defined only by experiments executed in a truly scientifio 
manner and with the aid of chemistry in alliance with physiology. Experiments with 
manures have heretofore been as numerous as the experiments in vegetation, under- 
taken in later years, have been few. The special literature of the subject could not 
have said less of this work. 

It is but a few years since Dr. Eohlrausoh and myself published a notice upon 
experiments in nutrition. It followed from them that an augmentation of the con- 
tent of sugar in the beet does not correspond with an increasing manuriDg with nitrate 
of potash, and that with regard to the total sugar produced in the plants no deter- 
mined relation is attached to increasing doses of nitrate of potash. It is therefore 
probable that potassium and nitric acid paralyze each other in part in their physio- 
logical action in the production of sugar in the beet. The experiments also enable us 
to recognize that in all probability the content of nitric acid in the dry matter of the 
beet is augmented by increasing doses of nitrates. We would not positively declare 
at this time that nitrates interfere with the formation of sugar, because beets which 
we ourselves have procured, though having a normal appearance, showed only 5 to 
10 per cent, of sugar, while the beets of a preceding experiment made at Prilep by Dr. 
Kohlrausch, had always given 10 to 16 per cent. It might therefore happen that the 
lower richness was the consequence of local influences. Hanaman has shown in a 
brilliant work that the less free (fnoins d^ag4e) situation of a soil has a powerful 
influence upon the quality of the beet. 

In order to clear up this question we made other experiments in 1876 and 1877 with 
nitrate of soda and phosphate of potash. Beets manured with the first fertilizer were 
in both years much less rich in sugar than roots manured with the phosphate. On 
the other hand they showed a higher content of nitric acid and potien with a quo- 
tient of purity much lower than the other roots. The principle we expressed as 
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probably exact, that is to say, the iigaiioxis physiological action of nitrogen and of 
potassium npon the production of sugar in the beet, is therefore confirmed. 

Nor would I omit to state that our test beets were of small size, and as the two 
Mries of experiments in the two years presented the same results and the same char- 
acters, we may accept as exact the principle in question. 

The growth of the leaves gave place to a striking phenomenon. The beets manured 
with nitrate of soda had more powerful leaves, indicating a large afflux of juice ; the 
■urfiice of the leaves was firm and brilliant. The beets manured with phosphate of 
potash, on the other hand, bore leaves which were weaker, languishing and much more 
sensible to the direct solar rays and to heat. 

According to the observations and results of vegetable physiology, it is a fact that 
the production of reserve' materials is accomplished in the leaves. The phenomenon 
above mentioned, the rapid yellowing combined with a very prompt change of the 
leaf, in consequence of which the reserves produced in them are more frequently given 
up to the roots, was partly attributed to the higher content of sugar in the beets ma- 
nured with phosphate of potash. The experiments of Deherain have confirmed this 
opinion, that the sugar is produced in the leaf; from this it follows that the richer 
beets are those which have the most leaves. Besides, Sostmann has shown that the 
content of inverted sugar in the Juice of the root gradually diminishes, while the 
stem of the leaves and the juice of the leaves themselves still contain it in important 
quantities ; but the inverted sugar is in all cases an intermediate product of the trans- 
formation of the starch of the granules of chlorophyle into sugar. 

An interesting observation has been made by Corenwinder: that the saccharine 
content of the beet increases with the importance of the surface of the leaves. In our 
studies the difference in the leaves of each series of experiments led us to make weekly 
measurements of them. We recognized that the beets manured with nitrate of soda 
showed, with regard to their leaf surface, a decided growth in length, while the other 
roots, manured with phosphate of potash, showed in their leafy portions a develop- 
ment in breadth. But the surface of the leaves may be compared with that of an 
ellipse, and as in this surface, the Increase of the shorter axis corresponds for the leaf 
to an increase of breadth. The leaves manured with phosphate should have a greater 
snifiice of leaves for the production of sugar. The manure of phosphate acts princi- 
pally upon the development of the leaves of the beet, and in a manner more favorable 
to the formation of sugar. 

In order to determine what rSle pcM^ash plays in this effect of phosphate of potash, we 
last year made other experiments with this salt and with phosphate of soda. These 
experiments showed that phosphoric acid combined with soda also acted favorably 
upon the production of sugar, but not in as ef&cacious a manner as when combined with 
potash. In the development of the leaves no striking differences were observed. In 
these later days the question of Chili saltpeter has become (brulanie) one difficult to 
treat. Our experiments in nutrition have not been favorable to this fertilizer. The 
experments of Bodenbendbr have also given the same conclusions, especially with 
regard to the purity of the juice. I would also mention an observation of Vilmorin, 
which has its importance with regard to the prudence which should be observed in 
the use of Chili saltpeter. Vilmorin found that nitrate of soda iigured the germina- 
tive faculty of beet seed. 

In the general reunion of the German Association of the past year. Professor 
Maercker supported the use of Chili saltpeter for beets. In the position in which the 
orator was placed — ^he spoke especially of the immediate neigborhood of Magdebourg— 
we could scarcely object to his conclusions. The principles of Maercker cannot be 
generalized ; he has himself elsewhere admitted this. As the experiments in manuring 
at Eisleben have proven, such a generalization would soon be controverted by practice. 

According to the tests in nutrition thus far worked out, and according to the prac- 
tical experiments made up to this time, the use of Chili saltpeter ae nuinurefar the 9u>gar 
Uet is, at least from the standpoint of the sugar mawufaatw/Wf to U prohXbiM. In mme 
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special oases the moderate and intelligent use of tMs salt may, however , seemJusUfldble be- 
cause of its constant indirect action in rendering soluble other nutritive materials. 

Ex{»eriineiit8 with special manures should always decide this, because our knowledge 
of the soil and of the life of plants will not permit ns to giTC a reply to the question in 
advance. 

Laplace once stated, as the end of chemistry, that this science should teach us to 
know the movements of atoms as astronomy teaches us to recognize the movements of 
the heavenly bodies. Agricultural chemistry shall have accomplished its task only 
when it shall teach all the properties of the soil and all the chemical and physiologioal 
properties of plants. 



APPENDIX G. 

METEOROLOGY AND THE GROWTH OF THE BEET. 

By Masde Davt. 
' [Jomaal d'Agriooltnie Piatique, 1880b I> S89.] 

In ordinary beet-root culture there is no special phase to consider. The plant is 
polled before it has accomplished its preparation for blooming. The duration of 
growth is therefore limited only by temperature. It is within these conditions that 
we must endeavor to determine what are the climatic influences which modify the 
yield in weight of roots and of sugar. 

With this crop as for the vine, we haTC but few documents bearing upon it ; but we 
find in the Annalea Agronomiques of December, 1879, a very important memoir by ]hL 
Pagnoul, of Arras, which provides means for a primary examination of this great ques- 
tion, and we must applaud the fruitful efforts of the able directors of the agricultural 
stations of France in the scientific paths into which they have entered. The prelim- 
inary examination we shall undertake will doubtless convince them of the necessity 
of conducting meteorological observations alongside their agricultural work instead 
of limiting themselves to those old practices which no longer correspond to the needs 
of science. 

M. Pagnoul describes in his memoir the demonstrative experiment he made to de- 
termine the influence of light upon the development and the saccharine richness of the 
beet, and he calls attention to those of M. Corenwinder on the same subject. It is greatly 
to be regretted that he had no means for valuation of the degree of light acting upon 
his crops except the estimation of the proportion of sky free from clouds ; this process 
is absolutely insufficient. We have endeavored to supply these deficiencies by actino- 
metric data collected at Montsouris, but this is only a palliative, the clearness of the 
sky at Arras not being always the same as at Paris. 

The documents furnished by M. Pagnoul are of two orders. One series relates to 
successive analyses made every ten days in 1879 with samples taken from the same 
plot uniformly planted ; the other series relate to analyses often successive crops taken 
from the same field from 1870 to 1879 inclusive. 

A primary point seems to us to follow from this great work. Beets sown April 5 
eame up slowly and unevenly. At Paris this month was not dry. From the 5th to 
the 30th March we find 17 days of rain giving 2.59 inches of water. The total amount 
falling during the month was, it is true, 1.8 inches at Arras ; but it was still above the 
average (1.6 inches) of the past ten years. The bad germination of the seed cannot, 
therefore, be attributed either to dryness or to an excess of humidity in themselves. 
The month of April, 1879, was a cold one, especially from the 10th to the 30th. Its 
average temperature was but 45^.6 Fahr., while the average of the last ten years is 
490.6 Fahr. 

Beet seed is generally sown from the 10th to the 25th of April, during which period 
the average temperature at Paris is 50^.36 Fahr. This period may be advanced and 
in the northern departments sowing is often done, in favorable years, during the last 
fortnight of March. We believe that more inconveniences than advantages result 
from sowing before the average temperature has passed 46^.4. This condition oconn 
at Paris as early as the 28th of March in average years, but it is far from common to 
all years. 

On the other hand the analysis of M. Pagnoul show that from the 19th to the 25th 
of September, 1879, the weight of the roots and their contents of sugar showed no 
marked variations other than those which may be attributed to inequalities of sam.- 
ples, whatever may be the care observed in selecting them. At the same time, the pio- 
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portion of chlorides, and especially that of nitrates, shows a marked increase in the 
last twenty days of October. From the 21st of September, 1879, the season became, 
it is true, relatively dry for the year; bnt rains were not really wanting, either in 
number or in quantity. It therefore becomes a question of temperature. In fact, 
while the average temperature is 60°.4 and 61°.7 for the first two decades of Septem- 
ber, 1879, it fell to 55o.5 for the third and 54o.3, 49°.!, 9o.5, and 470.43 for the three 
decades of the month of October following. It therefore appears that the beet ceases 
to grow usefully below 55°.4. It still takes place, but its reduced assimilation scarcely 
compensates for its proper consumption, and even though a new growth of leaves may 
not intervene to reduce its content of sugar, the weight of salts it contains increases 
to an extent injurious to the extraction of this product. In an average year this 
temperature limit is attained at Paris the 19th of October ; the date is advanced or re- 
tarded according to the years and the sections. We think there is no advantage in 
leaving the beet in the ground longer than this, while there are very decided advan- 
tages in advancing the sowing which must follow this culture. Wheat still grows in 
th^fall as long as the average temperature does not fall below 43^. 

^e successive analyses of M. Pagnoul commenced the 11th of June, 1879. We find 
in the following table a remvmS of these analyses made up from, one given by this able 

chemist : 

Results of analyses of "beets, "by M, Pagnoul, 



1879. 



BaJn in 10 days En^Ueh inches. 

Atmospheric heat degrees Fahrenheit. 

Cloudiness at Arras 

Clearness at Paris 

Average weight— 

Of a root ^grains. 

Of its leaves do. .- 

Of sugar per hectare tUlograms. 

Of salts do... 

Of niter do... 

Belative weights for 1,000 of beets— 

Of the leaf 

Of sugar 

Increase of weight in 10 days— 

Of a root grams. 

Of its leaf do... 

Of sugar per hectare Idlograms. 

Of saiRs do... 

Of niter do... 



June— 



11. 



1.29 
600.8 
41 



1 
8 
2 
1 


8,000 
80 

1 
8 
2 
1 




21. 



L45 

611.6 

80 

479 

7 
41 
9 
4 
2 

6,860 
21 

6 
83 
7 
8 
2 



July— 



0.71 
606.2 
81 
444 

81 

110 

96 

15 

8 

8,660 
62 

24 

69 

87 

11 

6 



IL 



2.20 

56&4 

16 

899 

105 

222 

830 

49 

23 

2,110 
54 

74 

112 

243 

84 

15 



21. 



2.28 

617.0 

26 

320 

220 

833 

776 

92 

36 

1,610 
50 

115 

111 

437 

43 

13 



81. 



L02 
604.4 
28 
878 

346 

462 

1,422 

144 

49 

1,840 



126 

129 

646 

52 

13 



August— 



10. 



0.31 

642.2 

31 

416 

486 

452 

1,848 

228 

79 

930 
63 

140 
—10 

426 
84 
30 



20. 



0.94 
647.6 
43 
861 

666 

433 

3,073 

275 

66 

650 

77 

180 

—19 

1,225 

47 

-13 



30. 



0.71 

638.6 

36 

873 

778 

335 

3,543 

815 



430 
76 

112 

—88 

461 

40 

3 



Year 1879. 



Bain in 10 days ^ En^^h inches. 

Atmospheric heat degreesTahrenheit. 

Cloudiness at A.rras 

Clearness at Paris 

Average weight— 

Ofaroot *grainB. 

Of its leaves do... 

Of sugar per hectare fkilograms. 

Of salts do... 

Of niter do... 

Belative weights for 1,000 of beet»— 

Of the leaf 

Of sugar 

Increase of wei^t in 10 days— 

Of aroot grams. 

Of its leaf do... 

Of sugar per hectare kilograms. 

Of salts do... 

Of niter do . - . 



September— 



9. 



0.15 

606.2 

56 

885 

878 

312 

1,820 

366 

86 

350 
82 

100 
—23 

786 
61 
17 



19. 



L06 

617.0 

34 

326 

1,040 
200 

4,655 
494 
111 

190 
75 

162 

-112 

835 

120 

25 



29. 



0.39 
556.8 
49 
251 

1,048 
126 

4,681 
461 
107 

120 
75 

8 

—74 

36 

—53 



Octobei 



9. 



0.19 
555.2 
25 
334 

1,048 
194 

6,068 

4S8 

92 

180 
81 



68 

877 

—28 

—15 



19. 



0.71 
49L0 
12 
161 

1,056 
98 

4,727 
511 
146 

90 
75 

8 

— 96 
—841 
78 
64 



29. 



0.90 

476.6 

26 

144 

1,050 
128 

5,002 
552 
145 

120 
79 

—6 
30 

276 

41 

9 



*1 gram =0.022 lbs. 



f 1 kilogram = 2.2 lbs. 
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The yasr 1879 wm • ooldyear ind one of liUJe light. The aTenge temperatiiro horn 
Jane to October, the dmstum of growth of the beet, was 59°.5 at Paris, while the aTcnge 
temperature ifl 1^.4 in A nozmal year. AtAnaa, where the wimnmBB are a little cocder 
than at Paris, the averags was 59^ instead of 59o.5. It should be noted that all 
the late crops were Tory mediocre if not bad ; bat in a crop grown npcMi a well 
manured and deeply plowed field, and where all the plants were well chosen and 
xsgnlariy separated, better results are attained than in ordinary culture. Ontheother 
hand, for comparison it is necessary to take account of the error introduced in the 
estimation of the quantity of the crop from results obtained with isolated samples, 
whateTor may have been the care observed in their <dioice. This remark is all the 
more appropriate as the growth of the beet approaches completion, because the indi- 
vidual qualities of each root are more maiked. 

In 1879 the average weight of roots increased slowly at fixst, and until July 1 then 
was a period of relatively good moistare, heat, and light, but the plant was still 
slender and ite organs of assimilation alightly developed. 

Up to the 20th of July rains became almost continual. The temperature and deai^ 
nees foil to a marked extent below their normal value for this season ; but tkud lesf 
still developed very actively ; the root enlarged as well as could be desired, and the 
percentage of sugar in the beet increased. This situation continued until July 30, 
though there was considerable diminution of the rainfolls. From July 31 to August 
19 the rains without disappearing became relatively rare. It was this part of the last 
season during which the temperature and clearness more nearly approached the con- 
ditions of an average year. The devel<9ment of leaves suddenly stopped and even 
became regressive; but this was at the same time the period of most rapid increase of 
the root and of the proportion of sugar it contained. It was about the time when the 
percentage of sugar in the beet attained its maYimnm. 

If we compare the variations of weight of the rooto with the quantity of water which 
fell, we readily recognize that there exists a relation between these two data. The 
variation of weight varies with the humidity of the soil without, however, being pro- 
portionate to it. Temperature acto in the same way. The percentage of sugar in the 
roots, like the weight of the leaves, increases rather in proportion to the degree of clear- 
ness; the coincidence is not always exact, the increase in clearness slighUy preceding 
the increase in the proportion of sugar, and corresponding more closely with that 
found in the leaves which elaborate the saccharine materials deposited in the roots. 
It is not, therefore, foom excess of water but from defoult of light and heat that the 
years of rainy summw and autumn are poor years for beets. The consequence of this 
|s, that if in dry, hot, and light summers the fields can be irrigated in a suitable man- 
ner, the best conditions for high yield will be realized. Irrigation is undoubtedly not 
everywhere possible; but if growers were thoroughly convinced of ite advantages it 
would be adopted at pointo where it has not yet been practiced. 

There is another question quite as important, that of manures. The experimental 
field of M. Pagnoul was manured in the following proportions referred to the hectare,* 
making a strong manure. 



Bam-yard manure --- 20,000 

Woolen waste 700 

,Seed-cake 1,000 

-Gnano 300 

The beeto were planted at the rate of 6 per superficial meter,! and the yield per 
hectare was estimated as follows : 

Sugar, per cent, of beets 7.94 

Weight of beete kilograms.. 63,000 

Weight of sugar do 5,002 

Weight of salte do 552 

Weight of nitrate do 145 

* Hectare » 2.47 acres. t Kilogram = 2.2 ponndB. I Heter » 39.37 inches. 
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The variety cnltiyated was a pink beet rather rooty, smooth skin, belonging to the 
ordinary race of the country. The saccharine degree, 7.94, is low for extraction. In 
two other experimental fields, cnltiyated in beets without interruption for ten yean, 
one of the fields receiving no manure, the other receiving each year a complete chem- 
ical manure, the yield for the same year, 1879, was — 

Without 




Sugar of beets percent.. 8.8 10.0 

height of beets per hectare kilos.. 83,000 10,000 

Weight of sugv per hectare do... 2,789 1,000 

In these three crops the proportion of sugar increased according as the total product 
decreased, but it always remained low enough* In the manured field it increased to 
13.9 in 1872, with the same common beets of the country, and rose to 16.7 in 1877 with 
an improved beet. 

On the other hand, at Asni^res, and under the influence of sewage water, the beets 
being planted at ihe rate of 10 per superficial meter, the yield per hectare was 80,000 
kilograms of beets and 4,750 kilograms of sugar after 9 waterings made in July and 
August in new, sandy, and very poor ground. The crop reached 180,000 kilograms 
of roots and 6,640 of sugar in a soil irrigated during ten years and until the end of 
the season. These figures would afc first seem to justify the sugar industry when it 
protests against the tendencies of the culture to push toward a general product by 
means of manures to the detriment of the industrial yield. Both interests may, how- 
ever, be conciliated within the limits of reasonable conditions. 

The sug&r-produoing power of a given surface of leaves is not undefined ; it depends 
upon the degree of aptitude acquired by a chosen variety of beets and, undoubtedly, 
also upon the meteorological and other conditions which have presided at the forma- 
tion of the seed employed. It also depends upon the temperature and clearness of the 
period of vegetation of the plants issuing &om a given seed. If water and manure 
stimulate the development of the root in an exaggerated degree, as compared with the 
power of the leaves, the weight of sugar amassed in the root may increase, bufc it will 
increase in a much lower proportion than the total weight, and the saccharine content 
will diminish to an extent injurious to the extraction. There are, therefore, rules to 
be fixed either for the better preparation of the seed or for the culture of the products 
of this seed'for the best interests of the two parties concerned. These rules are begin- 
ning to be determined by the labors of Messrs. Ladureau, Pagnoul, Corenwinder, 
Deh6rain, but there still remain several questions to be cleared up. 

It seems to be thoroughly demonstrated that sugar is primarily elaborated in the 
leaves under the infiuence of light. Outside the variety chosen, and which should be 
the best that can practically be procured, the greatest possible surface of leaves 
should be exposed to luminous action. Every ray of light which strikes the soil with- 
out being intercepted by a leaf is a lost force. Besides this, it produces a direct evapora- 
tion from the earth of a quantity of water not passing through the plant, and is anew 
source of loss to the latter, without the elevation of temperature that may be attributed 
to this nudity of soil being able to compensate for the assimilating surface which must 
result from it. Bare spaces in the beet field in good condition should be carefully 
avoided by regular planting with a separation proportional to the development to be 
taken by the variety to be cultivated. 

Concerning water and manure, the experiments made at Asni^res may furnish in- 
formation that may be usefully added to that furnished by the agricultural schools or 
stations. It may be referred to three types. The first plot of land was submitted to 
no irrigation, but it had been manured in previous years by the solid deposits in the 
irrigation trenches from the sewage waters ; the plantation was made at the rate of 10 
to the superficial meter. A second parcel composed of new and very poor ground 
received 12 waterings with sewage waters from May 28 to August 28. 
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A third parcel sabmitted to imgation for ten yeais was watered in 1879 until the 
time of harvesting. Samples of beets were also taken &om the plain of Montrooge, 
the sou of which had been manured with night-soil and belonged to the dairymen of 
Paris. Here beets were irregularly planted. 

The first series of analyses made Angnst 8, 1879, gave the following resolts : 



^ontronge : 

Champ Hubert 

Cliamp AuTTfty 

Aani^res: 

Plot I, not watered. 

Plot IX 7 waterings 



Weight of 
root. 


Sngar, per 
cent, of 
juice. 


0.342 
0.460 

0.608 
L036 


7.27 
6.67 

5.30 
6.50 



Total sngar, 
grams. 



24. S 

30.7 

3L7 
68.2 



The second series of analyses, made Angnst 28, 1879, gave very different resolts : 



Amitoes: 

Plot I, not watered. . 
Plot II, 12 waterings 



Weight of 
root. 



1.056 
L562 



Sugar, per 
cent, of 
jnice. 



3.68 
453 



Total Bngar^ 
grams. 



3&» 
68.7 



After August 28, watering having been suspended on plot 2, the proportion of sugar 
rose, between August 28 to October 3, from 4.53 to 6.59 } and, according to the analyses 
of M. Pagnoul, we should think that this increase is produced during the month of 
September. On the contrary, the development of the beets seems to have been entirely 
suspended after the close of the irrigation. In plot No. 3, where irrigation was carried 
on until the end of the season, the roots continued to enlarge, and on October 5^ 
the time of harvesting, their total weight was estimated at 180,000 kilograins per 
hectare. But the sugar increased much less rapidly, its proportion continued to 
diminish and fell from 4.53, August 28, to 4.10, October 5. 

An excess of nitrogenous manure, with or without watering, though favorable to 
the absolute weight of the crop intended for cattle food, is therefore unfavorable to 
the industrial employment of the plant and may render it unfit for the extraction of 
sugar. But its unfavorable action does not remain the same throughout the entire 
period of vegetation. It is in the second half of the season that it is most marked. 
In the first part, on the contrary, it is important that vegetation have the greatest 
possible activity, since then it bears principally upon the lea^ and this latter should 
be largely developed in order to most efficiently perform its functions. So animal 
manures should be incorporated in the earth in the preceding faU ; chemical manures, 
which are rapidly assimilated, may be applied shortly before or a little after sowing 
or planting, but it is of no advantage to renew the application during the course of the 
season. This is shown in the theory and verified by the experiments of MM. Ladnreau^ 
Corenwinder, Deherain, and others. The same is true for irrigation with sewage water 
or even with pure water where this is possible. The first are usefhl and may be 
abundant during the first months, but they should be very moderate during the later 
ones if forage beets are not to be exclusively produced. 

We shall ultimately examine in a meteorological point of view the results of beet- 
soot culture during the past ten years. 
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Page. 

jfiLohard, Eiail Franz., ereotioii of liisfb>ctorv 10 

his sncoess in extractine sngar from beotf 8 

his new method and model school and fliotoiy 24 

prozressof his work 10-23 

Albnminoas matter, distnbntion of 78 

Alkalies, nitrates and phosphates of 281-283 

relation of, to percentage of sugar in the beet 80 

Analyses, chemical, of the ashes 89 

Corenwinder's, of French pnlps 146 

of beets grown under different conditions 76-04 

of French pulps 146-140 

of soil suitable for beet culture 06-113 

Pagnoul's results of 285,286 

Appendix A.— Cuts of essential apparatus and machinery used abroad in the production of 

beet-root sugar ^ 166 

£.— History and progress of the culture of the sugar beet and the manui$M3ture of 

sugar therefrom in the United States 167-170 

C— Preliminary report upon the concUtiou of the culture of the susar beet in Maine. 171-180 

D.— Final report upon the condition of the beet-su^ar industry in Il'ew England 181-275 

E. — Points for consideration with reeard to the introduction of the sugar oeet and 
the manufacture of beet sugar in the Northwest, as compaired wrai the beet- 
sugar-producing countries of Europe 275-280 

F. — The physiological fanctions of the nitrates and phosphates in the sugar-beet. . . 281-283 

G. — Meteorology and the crowth of the beet, by Mari6 Davv 284-288 

Arbitration bond between growers of beets and sugar manufacturers m France 128-130 

Ash, its relation to sugar in the beet 79,80 

of sugar-forming races 88 

percentage of, in beet 70,80 

per hundred volumes of iuice in 88 

Austria, monthly average of temperature and rain&U in 42 

Average, monthly, of temperature and rainfall throughout the beet-growing districts of Eu- 
rope, in degrees andmcheB 80-60 

in tiEe United States 51-60 

weight of beets of good quality 71 

weight of four roots 87 

Sorruel, his method of making beet sugar 21 

Savaria, monthly averages of temperanire and rainlUl in 39-41 

Xeet, analysis o^ ^wn under different conditions 76-04 

average weight of good quality of 71 

best tifme for sowing the 110 

manure for soil in cultivating tho 09-110 

varieties of, for culture 03,04 

culture in the ITnited States 167-160 

Maine, report on 171,181-184,250 

Kew Hampshire, report on 260,261 

Massachusetts, report on 262,263 

France for all purposes in 1875 31,32 

France 31,32,95-117 

toward the north in the European States 34 

Decombrecque's method of improving the 92 

distribution of albuminous matters and salt in 78 

early history and varieties of 7 

experiments in drying, ]>rove disastrous 70 

best varieties of 03,94 

forage, i>ercentage of phosphoric acid in 88 

gray top, description of 74 

green top, description of 74 

growing districts of Europe 89-69 

Sowthof the, and meteorology 284-288 
rvesting of the crop 114 

how French growers secure the greatest profit fi*om culture of. 116^ 117 

to preserve the, after pulling 115 

Ijnperiai, description of 74 

internal structure and composition of 75 

Iuice of , percentage of sugar in 71 

laborers necessary to piman acre of, in France and the United States 115 

manner of di^'ing the roots 116 

I>ercentage of ash in 70 

planting, necessary distance between the rows in « 112,113 

product in special culture 72 

roots and juice, density of 81 

leaves, general composition of 98 
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Beet rootcnttme^ioeiiaeeoilitfaBiaflbetfiig U7-iae 

pulp, analyiee tnm Tiriooa ae ug eeB., i IMPISH 

Tootat pexventajge of sugar in 73 

rooU. trenchee for preeenring IIB 

■BiaOier in aize^ zidiflr in eiiffw ..... ...... . 71 

mOs beet raited to crowth of 96-113 

sognr to be obtained ihni thOb proportion of 72 

indnstgy in Hew Knglanin, report en 181-275 

temperatoxe at time of sowing.... 34 

ingnnrincthe ^ .. . 31M9 

and rainfin statistics in Sorope and the TTnited States 33-70 

TSKleties o( grown in Fkanoe 71-M 

Vflmorin's method of la n p iovl ii g flie 90 

improved, deacription of ...................................................... 75 

Walkhoirs method <H improving tiie 92 

White Sileaian, description of 73 

Belgium, monthW average of temperatmre and rainfdl in 4A 

yohwnia, monthly average of traaperatmre and lainftll in S9-4L 

Boilinc, oost of machinery for 153 

Bone dtarcoal, oost of machinery for working IM 

Brian,lL, obeervationa on afanoepherie conmtJons 35 

on separation of the roots 113 

Cslifomia, coltme of the beet in 169 

monthly average of tempMBratore and rainiUl in 08 

Cambrai, rasping works a^ descrrotionof 134^135 

Caxieatares, exhibited in Paris, rioicnling beet sugar 26 

Cliaptal, Count, repmi on beet-sogar cororo to the Bmperor yapeiean 20 

CoOeetion of taxes in France 157-161 

Composition of a oomplete mannro 101 

Concrete sugar secured finom beets in 24 boors ..........*. 24 

Conditions of soil neceeenry to grow beets 96-113 

of the Aiane Ifianniactarers' Club 126,127 

to be studied in connection with beet cultnro ......... 33 

Connecticut, monthly average of temperaturo and rain&Il in 56,57 

Corenwinder, analyseaof French pulps 146 

Coot^ total approxunate, for ^paratna, machinecy, and aooeasories for extracting sogar from 

the juice 151-154 

Crospel, liL, proniietor of ten Frandi fiMstoriea 26 

Culture, flDkvorable conditions for beet 33 

of the beet for all nurposes in France in 1875 30,31 

Dakota, montUy average or temperature and rainfall in 42 

Davy, Mari6, observations on rainfiill and traoperature 34-36 

on meteorologv and growth of the beet 284-288 

Decombrecque, H., his method of unproving tiie beet 92 

Deherain, M., liis e:iq>eriments in temperature and rainftU 36 

Demiatte, M., on the selectlan of seedbeorors 91 

Denmark, average temperatnro and rain&n in 275 

Density of roots and juice of the beet 81-83 

system of purchase bj, in France 124-130 

Departments in France in which sugar is made 29 

Depth at which the seed must be buried Itl 

Deroane, M., experiments to secure the best seeds 9S 

his method of extracting sugar 19,20 

Desiccation may be practiced 116 

Diffusion, results obtained by 145-150 

Drying roots, manner of 116 

DubmnfiBnt, IC., determines cost of production by two processes 28 

Bconomies in the manufacture of beet sugar 131,156 

Evaporation, average annual 34 

cost of machinery for ^ 153 

Estimates and cost of machinery and apparatus for working 100 tons of roots in 24 hoars 151-154 

Expenses, detail o^ for one ton (2,240 pounds) of beets 155,156 

Factories, creation of four imperial, in France 21 

cost of establishing pipe-lines with central 135,136 

in France 10-30, 127-137 

in Germanv 23,28 

of the Society of Perruwelz ; 127 

plans for establishing, in the United States 278,280 

Feeding values of residues 148 

Figures or cuts: No. 1.— White Silesian beet 74 

Ko. 2. — ^Imperial beet 74 

ITo. 3. — Green-top beet 74 

No. 4.— Pinktop beet 74 

No. 5, — Gray-top beet 74 

No. 6. — ^Vilmorin's improved beet 74 

No. 7. — Anatomical description of the root 76 

Of the essential apparatus and machinery used abroad in the production of 

beet sugar 166 

Filtration, cost of machinery for 153 

Forage beet, percentage of phosphoric acid in 88 

France, dowiofiall of the wine trade in 13 

factories in 10-13,127-137 

monthly average of temperaturo and raintnllin ^-51 

relations between the manuxftcturers andfiurmersin 124-130 

relations between the proprietors or tenants of fEffms and laborers in tiie beet*gnnring 

sections in 123,124 

varieties of beets grown in 71-84 
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French Inatitnte, report of a commission of. 8,9 
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Germany, establishment of sugar works in 28 

prosress made in beet-sugar making 28 

reyival of the industry in 28 

Grape sugar, Napoleon's decree regarding 14,16 

Gray-top beet, description of 74 

Green-top beet, description of 74 
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Hanaman, Dr. Jos., observations of^ on atmospheric conditions 36 

Harvesting, the time for % 114 

Hayes, B.B., President, communication to the House of Bepresentatives 4 
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systems for extracting 137-146 
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liabor on indigenous sugars hi France 30 
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system for the transportation of juice 131-134 
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opaque Bones In 70 
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of leaves of beets : , 72 

Westphalia, monthly average of temperature and rainiUl 41 
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